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ABSTRACT

Runser, Alicia M. M.S.B.M.E., Department of Biomedical, Industrial, and Human
Factors Engineering, Wright State University, 2020. Global Joint Registry: Analysis of
Revision Hip Arthroplasty Data

Total hip arthroplasty (THA) has become well-known as being one of the most successful
procedures with much long-term positive clinical results. However, revision surgeries are
still required. The four most common failure modes for THAs, “reasons for revision”, are
loosening, dislocation or instability, fracture, and infection. The goal of a hip arthroplasty
register is to gather information on patients that undergo a total hip arthroplasty and
factors pertaining to their surgery which may affect their outcome for future years such as
the reason for revision. Analysis of this data can help with the allocation of healthcare
funds and the efficacy of on both the clinical and device side. The objective of this
research was to compile the national registries for hip replacements into a global registry,
comparing the data from different countries and statistically analyzing the reasons for
revision. Global trends of revision surgeries were identified and projected. A total of 37
national joint registries were identified, of which 15 contained data on the failure modes.
The results showed that the reason for revision had a significant effect on the percentage
of revisions with loosening leading to a significantly greater percentage of revisions than
any other reason. For the countries with the most complete data, it was found that the
country did not have any significant effect on the percentage of revision. Additionally,
when analyzing various countries over a 5-6-year period, it was found that the year did
not significantly affect the percentage of revisions.
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CHAPTER 1: INTRODUCTION
1.1

INTRODUCTION

Since the life expectancy has increased over recent years in the United States there is a
greater need for knowledge about the survival length of the hip replacement prosthesis
prior to the requirement of a revision surgery. According to Evans et al., the most
common reasons for revision are infection, wear, loosening, dislocation, persistent pain,
and fracture. Although a revision surgery can relieve pain and improve function, it is not
as effective as the primary surgery. Revision surgeries fail much earlier than the primary
surgery, resulting in the need for further revisions. In addition, a revision surgery is
generally more expensive than the primary surgery. According to a study by Evans et al.,
after reviewing records through 2017, it was found that for 15 years post primary surgery
the survival of the prosthesis was 89.4% (95% CI 89.2-89.6%) while the 20- and 25-year
survival were 70.2% (95% CI 69.7-70.7%) and 57.9% (95% CI 57.1-58.7%) respectively.
The data used in this study to calculate 15-year survival involved data from both the
Australian and Finnish registries, whereas the data for 20- and 25-year survival only
involved data from the Finnish registry [1].
Additionally, many other factors affect the survival of the device such as age, sex,
and type of implant used as well as the surgical method. With the improvement of the
methods and materials used in hip arthroplasties, an increased survival of the device
should result leading to a reduction in the revision rates. According to the study by Evans
et al., the overall revision rate by year has decreased since 2008 [1].
According to a study by the Nordic Arthroplasty Registry Association from 2014,
they found a survival estimate for a hip replacement to be 86% (95% CI 85.7-86.9%) for
Denmark, 88% (95% CI 87.6-88.3%) for Sweden, 87% (95% CI 86.4-87.4%) for
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Norway, and 84% (95% CI 82.9-84.1%) for Finland at 15-years post primary surgery [2].
According to another study, they found the survival estimate at 20-years post primary
surgery to be 77.3% (95% CI 76.3-78.4%) based on the data from the Norwegian registry
[3].
There are several different methods to determine a failure of a hip arthroplasty.
One of these methods is by determining the time from primary surgery until a revision
surgery. Although, this may not always be accurate since a patient may have moderate to
severe long-term pain yet never choose to undergo a revision surgery. Though, some may
argue that this case would classify as a failure as well [1]. According to one study, they
have been able to show that 7-23% of patients that have not undergone a revision surgery
may actually be in situations similar to this case [4].
Other factors have not been studied in as much detail when determining the
survival of these devices are factors such as age and gender. For example, according to
data collected by the NJR, hip arthroplasty devices have a slightly better survival rate in
women of all ages than in men [1].
Since the 1960’s, total hip arthroplasty has been able to greatly increase the
quality of life in both men and women of all ages. Another issue that is important in the
reasoning behind why an understanding of how many hip arthroplasties are performed
yearly as well as the failure and revision rates is financial. According to Malviya et al.,
globally the hip arthroplasty market was estimated to be about $4.8 billion in 2014 and
expected to be $5.9 billion by 2020. According to data from the Swedish hip arthroplasty
register for the years 1992-2013, when comparing the revision rate for patients of
different age groups (<50 years, 50-59 years, 60-75 years, and >75 years), it was found
that those in the younger groups had a significantly lower failure of device than those in
the older groups. In order to try to improve the outcome of device survival, especially in
the younger patients, alternative bearing surfaces as well as fixation methods have been
tried. Overall, there are varying opinions on which type of bearing surface, fixation
method, and femoral head size are best. One study by Malviya et al., compared which
options were recommended by the National Institute for Health and Clinical Excellence,
the Orthopaedic Data Evaluation Panel, as well as various joint registries. The National
Institute for Health and Clinical Excellence (NICE) is an organization which publishes
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guidelines to health professionals recommending particular treatments in order to guide
the decision-making of physicians. According to NICE, they recommend that only hip
prostheses that have been shown to have a revision rate of 5% or less at 10 years to be
used. The Orthopaedic Data Evaluation Panel (ODEP) was an organization set up in the
UK in 2002 to independently evaluate the effectiveness of hip prostheses. ODEP assigns
each hip implant device a benchmark rating in order to compare all the devices. In
addition to NICE and ODEP, four national arthroplasty registries were examined to
determine which types of device and fixation method were preferred [5].
When comparing the best method for fixation, the National Joint Registry, The
Australian Orthopaedic Association National Joint Replacement Registry, and the
Swedish Hip Arthroplasty Register were compared. According to the National Joint
Registry (NJR) from 2015, a decline in the use of uncemented hip arthroplasties could be
seen since 2010. Although, as of 2015, uncemented was still the most common method of
fixation with 39% of all total hip arthroplasties followed by cemented at 36.1%.
Additionally, an increase in the frequency of hybrid hip arthroplasties were observed over
this same time period with 17.1% of all total hip arthroplasties being performed using the
hybrid method and 2.4% being reverse hybrid. Looking at revision rate from the 2015
NJR report, cemented hip arthroplasties had a revision rate of 3.63% (95% CI 3.433.83%) at 11 years post primary surgery while the revision rate for uncemented hip
arthroplasties were 8.25% (95% CI 7.90-8.62%) over the same period. The implant
material type was also studied in addition to the fixation method. It was found that when
comparing metal-on-metal to ceramic-on-polyethylene for uncemented total hip
arthroplasties, the metal-on-metal devices had a much higher revision rate than the
ceramic-on-polyethylene devices which only had a revision rate of 3.62% (95% CI 3.244.05%). While comparing the use of ceramic-on-polyethylene implants for different
fixation methods, it was found that uncemented hip arthroplasties had a revision rate of
3.62% (95% CI 3.24-4.05%), while cemented and hybrid hip arthroplasties had a revision
rate of 2.98% and 2.15%, respectively [5].
According to the Swedish Hip Arthroplasty Register from 2014, the most
common fixation method for a total hip arthroplasty was cemented, although it has
decreased over recent years. As the popularity of cemented hip arthroplasties has

2

continued to decline, the popularity of uncemented hip arthroplasties have increased over
the years. As of 2014, cemented hip arthroplasties accounted for 64.6% of all total hip
arthroplasties, while uncemented accounted for 20.9%. Over this same time period,
reverse hybrid total hip arthroplasties have decreased accounting for 11.2%, while hybrid
has increased accounting for 3% of all total hip arthroplasties performed. The type of
fixation used was clearly dependent upon the age of the patient, with uncemented fixation
preferred for younger patients. According to the Swedish registry, no significant
difference was found between cemented and uncemented fixation when comparing the
survival of the device. However, it was noticed that in the younger population (less than
69 years old), there was some survival benefit with a decrease in risk of osteolysis or
loosening. However, other problems led to revision in this age group resulting in no
significant difference between the uncemented and cemented fixation [5].
According to The Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR) based on the 2014 report, uncemented fixation of hip arthroplasties
has increased in popularity to 63.2% of all total hip replacements, this is up from 51.3%
in 2003. As uncemented fixation has increased in popularity, cemented fixation has
continued to decline reaching 4.4% in 2014. Hybrid fixation has also declined to 2.4% in
2014 over this same time period. In addition, revision rate was also affected by fixation
method. Hybrid fixation had a lower revision rate than either cemented or uncemented
fixation. It was also shown that age and gender affected the revision rate as well. Overall,
men had a slightly higher revision rate than women. In women, revision rate decreased
with age. Additionally, for both men and women over the age of 75, there was a lover
revision rate at 6 months post primary surgery when compared to all other age groups.
Overall, based on the data from the AOANJRR 2014 report, it can be concluded that
uncemented and hybrid fixation had a better success rate in the younger patients (<75
years), whereas the older patients (>75 years) had better success with a cemented fixation
[5].
According to most joint registries, the recommendation for fixation is cemented in
older patients, defined as those over the age of 65, and either uncemented or hybrid
fixation in the younger patients. These recommendations meet the NICE benchmarks
except may not always reach these standards for patients younger than 50 years old [5].
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In addition to fixation method, bearing surface was compared for different
registries as well. According to the NJR from 2014, the most popular bearing surface for
all fixation methods was metal-on-polyethylene with 84.4% of cemented, 41.6% of
uncemented, 58.3% of hybrid, and 64.4% of reverse hybrid. As of 2014, only 0.1% of all
total hip arthroplasties still used metal-on-metal bearing surfaces. Another popular choice
for uncemented total hip arthroplasties was the use of ceramic-on-ceramic with 34% of
all uncemented surgeries using this type of bearing surface. However, overall, ceramicon-polyethylene seemed to be the best choice for all fixation methods. Additionally,
when looking at the revision rate, the combination of ceramic-on-polyethylene and hybrid
had the lowest rate of revision at 2.15% (95% CI 1.76-2.64%) [5].
According to the 2015 report of the AOANJRR, several different bearing surfaces
were used including ceramic, metal, and cross-linked and noncross-linked polyethylene.
Overall, the combination that resulted with the lowest revision rates at 14 years post
primary surgery was metal-on-cross-linked polyethylene at 5.4% followed by ceramicon-cross-linked polyethylene. The combinations that resulted with the highest revision
rates were ceramic or metal with noncross-linked polyethylene. However, cross-linked
polyethylene had a lower revision rate compared to noncross-linked polyethylene no
matter what other material type was used. Although most ceramic-on-ceramic surgeries
used an uncemented fixation (85.1%), a hybrid fixation actually had a lower rate of
revision than the uncemented [5].
According to the 2014 report of the Swedish registry, the most common bearing
surface used was metal-on-highly cross-linked polyethylene at 65.9%. Over the years
there has been an increase in the use of ceramic-on-highly cross-linked polyethylene to
10.9%. The use of highly cross-linked polyethylene has increased over the years since
this type is expected to reduce the revisions at 5 to 12 years post primary surgery that
may result due to osteolysis or loosening [5].
Overall, the recommendation based on these joint registries is to use metal-onpolyethylene for the older patients (>75 years), whereas the most success has been seen
using ceramic-on-highly cross-linked polyethylene for the younger patients (<75 years).
These recommendations meet the standards set forth by NICE of a >95% success at 10
years post primary hip arthroplasty [5].
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The goal of a hip arthroplasty register is to gather information on patients that
undergo a total hip arthroplasty and factors pertaining to their surgery which may affect
their outcome for future years. Some of these important factors include fixation method,
surgical method, and type, size, and brand of the implant. One benefit of a national hip
register is to provide this information back to the surgeon. These details may include
revision rates and reason for revision. This information is important to analyze in order to
assist with the decision-making of which device and surgical method will provide the
best outcome for each case depending on certain factors such as demographics and
patient history [6].
Completeness and quality of a national joint register are important factors in
determining the reliability of the data published. Completeness of the data refers to
percentage of all total hip arthroplasties that were included in the register. There are
several differences between hip registries from different countries. There are
discrepancies between how certain terminologies are defined such as how failures are
categorized or specific definitions and reasons for revision. There is a need for
consistency across all hip registries in order to allow for proper comparison between
different countries. While some registries utilize implant barcodes and assign personal
identification numbers to each patient to allow for evaluation over time, not all countries
have implemented these features into their registry [6]. According to one study, only
about 60% of all revisions due to infection are included in some registries [7].
Collaborations are important as well. Not only between the nation’s registry and
health authorities, but between registries as well. A collaboration with heath authorities
allows for the transmission of this valuable information gathered by the registry to the
surgeons and other governing bodies in order to pass along information such as the safety
of certain devices. Additionally, a collaboration between the registries of different
countries is important. The sharing of information allows for the comparison between
countries as well as the guidance on particular devices which have already been evaluated
by another country [6].
Another aspect of registries that may assist with the decision-making process
would be the use of artificial intelligence in order to further and more quickly analyze
data collected by the registry. Machine learning tools may be able to enhance the way
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risk factors are identified in order to lead to a safer, more efficient, and cost-effective
treatment process [6].
Overall, total hip arthroplasty registries have served as an important tool for both
physicians and patients by improving the process through the determination of the
success of different implants, fixation methods, surgical methods, and patient specific
factors. A strong collaboration between registries is important to further develop these
guidelines [6].

1.2

MOTIVATION

The goal of a hip arthroplasty register is to gather information on patients that undergo a
total hip arthroplasty and factors pertaining to their surgery which may affect their
outcome for future years. Some of these important factors include fixation method,
surgical method, and type, size, and brand of the implant. One benefit of a national hip
register is to provide this information back to the surgeon. These details may include
revision rates and reason for revision. This information is important to analyze in order to
assist with the decision-making of which device and surgical method will provide the
best outcome for each case depending on demographics and patient history [6].
The goal of this research is to compile the national registries for hip replacements,
comparing the data from different countries and statistically analyzing the reasons for
revision. Unfortunately, there are no regulations for what is included or omitted from the
registry data. This means that some of the data from certain countries might be
incomparable with data from other countries. Although some of the data is inconsistent,
the collection and comparisons of the data from numerous registers have not been
performed before. This is in an effort to create a global registry which would allow for
research in the engineering fields, along with patient care and surgery training. This
would also allow for continual device monitoring on the global scale and for a regulation
on what information is collected from each patient. With consistent data collection and a
single place to find the information; patients, doctors, and engineers will be able to
evaluate the data and see different correlations between the reasons behind failures or the
longevity of the devices. The goal of compiling all the national arthroplasty data into a
global registry is to understand more fully the reasons for failure allowing for the
6

improvement of techniques which may improve the outcome for the patients undergoing
this procedure. By comparing multiple countries, a greater database may be created
enabling reliable statistical analyses. By having previous knowledge of this data, one
could improve the outcome for all patients on a global scale.
Throughout this thesis, a total of 37 national joint registries were identified. Those
countries with national joint registries include: Canada, Australia, New Zealand,
Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
Switzerland, National Joint Registry (NJR-England, Wales, Northern Ireland, and the Isle
of Man), American Joint Replacement Registry (AJRR), Finland, Moldavia, Hungary,
Turkey, Austria, Scotland, Spain, Netherlands, Israel, South Africa, Czech Republic,
Greece, Italy, Singapore, Croatia, France, Bulgaria, Portugal, Belgium, Egypt, Slovenia,
and Iran. Of these, data on reasons for revision surgeries was obtained from 15 national
joint registries: Canada, Australia, New Zealand, Romania, Denmark, India, Lithuania,
Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland, National Joint Registry
(NJR-England, Wales, Northern Ireland, and the Isle of Man), and American Joint
Replacement Registry (AJRR). The reasons for revision for these 15 countries were
compared using the most recent published data available at the time of analysis.
Statistical analysis was completed using JMP comparing both reason and country. Further
analysis was completed on joint registries which had multiple consecutive years of data
on reasons for revision. Five registries were identified as having this data available
including Australia, New Zealand, Denmark, Norway, and AJRR. Statistical analysis was
completed comparing reasons, countries, and years. Additionally, projections were made
based on the previous five and six years, respectively, to project the most recent year as
well as the following year, where data is not yet available. The last year’s data was
compared to the projections and a percent error was calculated.
The goal of this thesis is to gather data from many countries throughout the world
in order to identify trends in the reason for revision of the hip arthroplasty surgery.
Further identification of the specific implant used, and surgical method would be
beneficial in analyzing the specific cause for revision surgery.
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1.3

THESIS OUTLINES

This thesis is divided into four chapters. Chapter two provides background information
on hip arthroplasty including surgery type and materials. In addition, this chapter includes
details about orthopedic registries including background and data from the fifteen
registries included in this review: Canada, Australia, New Zealand, Romania, Denmark,
India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland, NJR, and
AJRR. Finally, background information on revision hip arthroplasties as well as reasons
for these revisions are included in this chapter.
Chapter three presents the findings from this investigation including a comparison
of all fifteen countries and the reasoning for revision hip arthroplasties as well as a
comparison of five of these countries over a six-year time period in respect to the reason
a hip arthroplasty revision surgery was necessary. Additionally, projections were made
for each of these five countries using the past data for the future year(s).
Chapter four summarizes the findings of this thesis including recommendations
for future work.
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CHAPTER 2: BACKGROUND
2.1

HIP ARTHROPLASTY

Total hip arthroplasty (THA) has become well-known as being one of the most successful
procedures with much long-term positive clinical results [8].
Since the introduction of the modern THA in the 1970s, much success has come
in restoring the function and reducing pain in the hip. It has become one of the most
common orthopedic surgeries performed worldwide [9].
The total hip arthroplasty prosthesis is composed of several parts including the
acetabular cup, polyethylene liner, femoral head, and femoral stem. The THA
components can be seen below in Figure 1.

FIGURE 1: TOTAL HIP ARTHROPLASTY COMPONENTS [10]

The first modern hip arthroplasty prosthesis that was widely accepted is known as
the Charnley prosthesis. This design has a high implant survival of 78% and greater than
80% at 20-years and 35-years post-op, respectively. The four different fixation methods:
cementless, cemented, hybrid, and reverse hybrid can be seen in Figure 2. Cementless has
a completely cementless design on both the stem and cup ends. Whereas the cemented
fixation method is cemented on both ends. The hybrid THA uses a cemented stem and
uncemented cup, while the reverse hybrid uses an uncemented stem and cemented cup.
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The type of fixation used depends on several factors Some of these factors include the
age and activity level of the patient.

FIGURE 2: TOTAL HIP ARTHROPLASTY FIXATION TYPES [9]

However, many factors affect the success and long-term survival of the implant.
Some of these factors include type of implant, surgeon, surgical technique, and patient
demographics, diagnosis, and activity level [8].
Although great advances in technology such as implant design, manufacturing,
bearing surfaces, and surgical techniques, have greatly improved the outcome for many
patients undergoing a total hip arthroplasty, including reduced pain and improved
mobility and function, many patients still require revision surgeries [9]. Some of the
reasoning for continued occurrence of revision surgeries include the increase in total hip
arthroplasties being performed on younger and more active individuals than in previous
years. Additionally, the increased age of the population has led to a greater likelihood of
more revision surgeries [11]. The four most common failure modes for THAs, “reasons
for revision”, are loosening, dislocation or instability, fracture, and infection [9].
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2.1.1 LOOSENING
The most common of the four reasons for revision, according to data from most of the
countries analyzed, is loosening. Loosening typically occurs due to wear which causes
the prosthesis to loosen from the bone. This type of failure typically occurs later on postop [8, 9].

2.1.2 D ISLOCATION/INSTABILITY
Dislocation or instability is another one of the most common causes for revision
surgeries. Dislocation typically occurs not long after the primary surgery is performed.
One of the most common causes that may lead to dislocation or instability are
misalignment of the prosthesis during the primary total hip arthroplasty [8, 9].

2.1.3 FRACTURE
Fracture is another common cause for revision surgery. It can occur either intra-operative
or post-operative. Many factors can lead to fracture including patient age, activity level,
and other medical conditions such as osteoporosis or osteoarthritis [8, 9].

2.1.4 INFECTION
Infection can cause the need for a revision surgery. Although advances in technology,
surgical techniques, and medical treatment have decreased the occurrence of infection,
many still occur. Some risk factors that may lead to infection include age, obesity, and
diabetes [8, 9].

2.2

REGISTRY

National registries are extremely useful in assessing patient outcome, surgical methods,
implant type, as well as implant survival and revisions. This type of data is especially
beneficial when used as a comparative tool in statistically analyzing patient and implant
outcomes in respect to surgical method, implant type, and failure mode. National joint
registries are available in many countries including Canada, Australia, New Zealand,
Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
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Switzerland, England, Wales, Northern Ireland, and the Isle of Man. However, the United
States does not have a national registry. Some individual states and health-care
organizations keep track of some of this data, however, the recording of this data is not
widespread [9].
In addition to these, many other countries also maintain joint registries such as:
Finland, Moldavia, Hungary, Turkey, Austria, Scotland, Spain, Netherlands, Israel, South
Africa, Czech Republic, Greece, Italy, Singapore, Croatia, France, Bulgaria, Portugal,
Belgium, Egypt, Slovenia, and Iran.

2.2.1 CANADA
The Canadian Joint Replacement Registry, CJRR, was established in 2001. The current
registry includes data from 2017-2018. The registry covers 72% of all hip replacement
surgeries nationally. Data includes all the provinces of Ontario, Manitoba, and British
Columbia, as well as two regions in Saskatchewan. These areas have mandatory
reporting, however, other areas may voluntary report as well.
Nationally, hip replacement surgery is the third most common inpatient surgery
performed. The most current registry report contains data from 58,492 hip replacement
surgeries, including 53,670 primary surgeries and 4,822 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 8.2%. The
total number of hip replacement surgeries performed in Canada between 2017 and 2018
was 58,492. This was an increase of 17.2% compared to the previous 5 years. However,
after considering the age-standardization of the entire population, it was determined that
overall, this increase in operations was mainly due to the aging and growth of the
population during this time.
There were 4,822 revision surgeries performed in Canada over the period of 2017
to 2018. This increased slightly by 2.2% compared to the previous five years. Of all the
hip replacement surgeries performed in Canada during this time, 8.2% are revision
surgeries. This decreased slightly from the 8.3% from the previous year (2016-2017).
According to the data recorded by the CJRR, a revision surgery was defined as: both
acetabular and femoral component replaced, femoral head replacement with/without
acetabular liner revision, femoral component replaced with/without acetabular liner
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replacement, acetabular component replaced with/without femoral head replacement,
acetabular liner replaced, or insertion of cement spacer.
Canada reported three main reasons as reason for the revision surgeries including
loosening (24.7%), instability (17.8%), and infection (17.7%). In addition, periprosthetic
fracture and remaining reasons were recorded as reasons for revision surgery. According
to the CJRR, remaining reasons were defined as bearing wear, osteolysis, pain, implant
fracture, implant dislocation, acetabular erosion, leg length discrepancy, and stiffness.
However, the percentage of revision surgeries for each of these remaining reasons were
not defined, only considered as a total group. The CJRR also categorized each of these
reasons by age and gender of the patient. These charts can be seen below in Figures 3-7
[12].
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FIGURE 3: CANADA REASONS FOR REVISION <55 YEARS OLD [12]

In Canada, the most common reason for hip replacement revision surgery for
females less than 55 years old was infection (29.9%), followed by both instability and
aseptic loosening (21.8%), and periprosthetic fracture (6.9%). For males of this age group
the most common reason for revision was instability (24.4%), followed by aseptic
loosening (18.3%), infection (17.1%), and periprosthetic fracture (12.2%). Overall, for
both males and females less than 55 years, the most common reason for revision was
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infection (23.7%), followed by instability (23.1%), aseptic loosening (20.1%), and
periprosthetic fracture (9.5%) [12].

Reasons for Revision by Gender for
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FIGURE 4: CANADA REASONS FOR REVISION 55-64 YEARS OLD [12]

In Canada, the most common reason for hip replacement revision surgery for
females between 55 and 64 years old was infection (36.1%), followed by aseptic
loosening (24.3%), instability (16.6%), and periprosthetic fracture (10.1%). For males of
this age group the most common reason for revision was infection (26.4%), followed by
aseptic loosening (20.8%), instability (20.3%), and periprosthetic fracture (16.8%).
Overall, for both males and females between the age of 55 and 64 years old, the most
common reason for revision was infection (30.9%), followed by aseptic loosening
(22.4%), instability (18.6%), and periprosthetic fracture (13.7%) [12].
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FIGURE 5: CANADA REASONS FOR REVISION 65-74 YEARS OLD [12]

In Canada, the most common reason for hip replacement revision surgery for
females between 65 and 74 years old was infection (38.2%), followed by aseptic
loosening (23.6%), periprosthetic fracture (15.8%), and instability (15.2%). For males of
this age group the most common reason for revision was periprosthetic fracture (29.5%),
followed by infection (23.3%), instability (20.2%), and aseptic loosening (15.9%).
Overall, for both males and females between the age of 65 and 74 years old, the most
common reason for revision was infection (29.1%), followed by periprosthetic fracture
(24.1%), aseptic loosening (18.9%), and instability (18.2%) [12].
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FIGURE 6: CANDA REASONS FOR REVISION 75 YEARS OLD [12]

In Canada, the most common reason for hip replacement revision surgery for
females aged 75 years and older was infection (32.4%), followed by periprosthetic
fracture (23.4%), instability (15.2%), and aseptic loosening (14.5%). For males of this
age group the most common reason for revision was periprosthetic fracture (35.7%),
followed by infection (21.7%), aseptic loosening (16.8%), and instability (16.4%).
Overall, for both males and females 75 years old and older, the most common reason for
revision was periprosthetic fracture (31.1%), followed by infection (25.7%), and both
aseptic loosening and instability (15.9%) [12].
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Reasons for Revision by Gender for All Ages
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FIGURE 7: CANADA REASONS FOR REVISION ALL AGES [12]

In Canada, the most common reason for hip replacement revision surgery
for females of all ages was infection (34.6%), followed by aseptic loosening
(21.1%), instability (17.0%), and periprosthetic fracture (14.6%). For males the
most common reason for revision for all ages was periprosthetic fracture (26.4%),
followed by infection (22.9%), aseptic loosening (19.1%), and instability (18.4%).
Overall, for both males and females of all ages, the most common reason for
revision was infection (27.9%), followed by periprosthetic fracture (21.4%),
aseptic loosening (19.1%), and instability (18.4%) [12].
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2.2.2 A USTRALIA
The Australian Orthopaedic Association National Joint Replacement Registry,
AOANJRR, was established in 1999. The current registry report (2018) includes data
from 2017. The registry covers 98.8% of all hip replacement surgeries nationally. Data
collection began in 1999, becoming national in 2002. Hospitals report the data to the
AOANJRR at the time of surgery which are collected monthly. The data is then validated
using data from the state and territory health departments. That data is also used to
calculate the percentage of all surgeries in which the data is reported. For the 2017 year
in which this report analyzes, over 98.8% or all hip replacement surgeries were reported
[13].
The most current registry report contains data from 47,972 hip replacement
surgeries, including 43,692 primary surgeries and 4,280 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 8.9%. This
is a significant decrease from 12.9% in 2003. This is mostly due to the change in the type
of prosthesis mainly used which has better outcomes than the type previously used. The
total number of hip replacement surgeries performed in Australia in 2017 was 43,692.
This was an increase of 1.1% from the previous year [13].
There were 4,280 revision surgeries performed in Australia in 2017. Of all the hip
replacement surgeries performed in Australia during this time, 8.9% are revision
surgeries. This was consistent from the 8.9% from the previous year (2016) [13].
Australia reported many reasons for the revision surgeries including loosening
(25.0%), prosthesis dislocation (21.1%), fracture (20.3%), infection (18.1%), lysis
(2.2%), pain (1.9%), leg length discrepancy (1.6%), malposition (1.5%), instability
(1.2%), implant breakage stem (1.1%), wear acetabular insert (0.9%), implant breakage
acetabular insert (0.9%), metal related pathology (0.8%), implant breakage acetabular
(0.7%), incorrect sizing (0.7%), implant breakage head (0.3%), and other reasons (2.0%).
However, for analysis purposes, reasons such as implant breakage of the stem, acetabular
insert, acetabular, and head were combined as implant breakage. In addition, the reasons
instability and dislocation were combined as well. However, the four main reasons
reported to the AOANJRR were loosening, prosthesis dislocation, fracture, and infection.
Only these four main reasons were used for further analysis and comparison to the data
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collected from other countries. All the reasons for revision for all the ages and the
percentage of revisions for each reason can be seen below in Figure 8 [13].
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FIGURE 8: AUSTRALIA REASONS FOR REVISION [13]

In Australia, the most common reason for hip replacement revision surgery,
overall, for males and females, was loosening (25.0%), followed by dislocation/instability
(22.3%), fracture (20.3%), infection (18.1%), implant breakage (3.0%), lysis (2.2%), pain
(1.9%), leg length discrepancy (1.6%), malposition (1.5%), wear acetabular insert (0.9%),
metal related pathology (0.8%), incorrect sizing (0.7%), and other reasons (2.0%) [13].
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2.2.3 N EW ZEALAND
The New Zealand National Joint Registry was established in 1997 by the New Zealand
Orthopaedic Association, NZOA. The current registry report (2018) includes data from
2017. The registry covers 95% of all hip replacement surgeries nationally. Surgeons
report the data to the New Zealand National Joint Registry at the time of surgery. The
data is then validated using data from the New Zealand Health Information Service, with
the aim of achieving at least 90% compliance of all hospitals performing arthroplasty
surgeries. For the 2017 year in which this report analyzes, over 95.0% or all hip
replacement surgeries were reported [14].
The most current registry report contains data from 9,743 hip replacement
surgeries, including 9,150 primary surgeries and 593 revision surgeries. The percentage
of all hip replacement surgeries that were revision surgeries were 6.1%. The total number
of hip replacement surgeries performed in New Zealand in 2017 was 9,743. This was an
increase from the previous year (2016) [14].
There were 593 revision surgeries performed in New Zealand in 2017. Of all the
hip replacement surgeries performed in New Zealand during this time, 6.1% are revision
surgeries [14].
New Zealand reported six main reasons for the revision surgeries including
dislocation (16.6%), loosening acetabular component (17.9%), loosening femoral
component (16.2%), infection (13.2%), pain (17.3%), and fracture (15.5%). However, for
analysis purposes, reasons such as loosening of femoral component and loosening of
acetabular component were combined as loosening. All the reasons for revision for all the
ages and the percentage of revisions for each reason can be seen below in Figure 9 [14].
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FIGURE 9: NEW ZEALAND REASONS FOR REVISION [14]

In New Zealand, the most common reason for hip replacement revision surgery,
overall, for males and females, was loosening (34.1%), followed by pain (17.3%),
dislocation (16.6%), fracture (15.5%), and infection (13.2%) [14].

21

2.2.4 ROMANIA
The Romanian Arthroplasty Register, RAR, was established in 2001. The current registry
report (2015) includes data from 2012-2015. The registry covers 98% of all hip
replacement surgeries nationally. Hospitals report the data to the RAR at the time of
surgery which are collected monthly and then the data undergoes internal and crossvalidation. For the 2015 year in which this report analyzes, 98% or all hip replacement
surgeries were reported. This is a significant increase of 52% over the period of 20122015 [15].
The most current registry report contains data from 10,816 hip replacement
surgeries, including 10,286 primary surgeries and 530 revision surgeries. The percentage
of all hip replacement surgeries that were revision surgeries were 4.9%. The total number
of hip replacement surgeries performed in Romania in 2015 was 10,816. This was a
decrease from 11,046 from the previous year (2014) [15].
There were 530 revision surgeries performed in Romania in 2015. Of all the hip
replacement surgeries performed in Romania during this time, 4.9% are revision
surgeries. This is a decrease from 6.1% in 2014 [15].
Romania reported many reasons for the revision surgeries including acetabular
loosening (17.2%), femoral loosening (13.0%), acetabular erosion (9.6%), femoral
osteolysis (9.2%), acetabular osteolysis (9.1%), wear (8.0%), luxation (6.0%), late
infection (4.2%), periprosthetic fracture (4.0%), acetabular protrusion (2.9%),
paraarticular ossification (1.7%), early infection (1.1%), broken implant (1.0%), and
other reasons (13.0%). However, for analysis purposes, reasons such as acetabular
loosening and femoral loosening were combined as loosening. In addition, the reasons
femoral and acetabular osteolysis were combined as well. Early and late infection were
combined as infection. These reasons for revision for all ages and the percentage of
revisions for each reason can be seen below in Figure 11. In addition, the percentage of
revision surgeries by age and gender can be seen below as well in Figure 10 [15].
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FIGURE 10: ROMANIA REASONS FOR REVISION BY AGE AND GENDER [15]

In Romania, 3.9% of all revision surgeries are performed on patients aged 39
years and younger, with 1.8% of those being males and 2.1% being females. Of the 7.5%
of all revision surgeries performed on patients between the age of 40 and 49, 3.85% are
male and 3.65% are female. Of the 19.2% of all revision surgeries performed on patients
between the age of 50 and 59 years old, 10.4% are male and 8.8% are female. Of the
30.2% of all revision surgeries performed on patients between the age of 60 and 69 years
old, 12.8% are male and 17.4% are female. Of the 32.7% of all revision surgeries
performed on patients between the age of 70 and 79 years old, 11.8% are male and 20.9%
are female. Of the 6.5% of all revision surgeries performed on patients aged 80 years and
older, 2.0% of those are male and 4.5% are female. Overall, for males, the majority of hip
revision surgeries occur between the ages of 60 and 69. Whereas, for females, the
majority occur between the ages of 70 and 79. Overall, for both males and females, the
majority of hip replacement revision surgeries occur between the ages of 70 and 79 years
old [15].
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FIGURE 11: ROMANIA REASONS FOR REVISION [15]

In Romania, the most common reason for hip replacement revision surgery,
overall, for males and females, was loosening (30.2%), followed by osteolysis (18.3%),
acetabular erosion (9.6%), wear (8.0%), dislocation (6.0%), fracture (4.0%), acetabular
protrusion (2.9%), paraarticular ossification (1.7%), broken implant (1.0%), and other
reasons (13.0%) [15].
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2.2.5 D ENMARK
The Danish Hip Arthroplasty Register, DHR, was established in 1995. The current
registry report (2018) includes data from 1995-2017. The registry covers 95-98% of all
hip replacement surgeries nationally, with 95% of all revision surgeries reported and 98%
of all primary surgeries. This reporting rate for the current DHR report (2018) meets the
criteria for completeness [16].
The most current registry report contains data from 11,876 hip replacement
surgeries, including 10,435 primary surgeries and 1,441 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 12.1%. The
total number of hip replacement surgeries performed in Denmark in 2017 was 10,435.
This was a slight increase from the previous two year (2015-2016). This increase was
mostly explained by the increase in the population age [16].
There were 1,441 revision surgeries performed in Denmark in 2017. Of all the hip
replacement surgeries performed in Denmark during this time, 12.1% are revision
surgeries [16].
Denmark reported many reasons for the revision surgeries including aseptic
loosening (27.6%), dislocation (18.5%), deep infection (18.1%), femur fracture (16.6%),
wear (6.6%), pain (4.1%), component failure (2.9%), osteolysis (1.2%), and other reasons
(4.4%). However, the four main reasons reported to the DHR were loosening, dislocation,
infection, and fracture. Only these four main reasons were used for further analysis and
comparison to the data collected from other countries. All the reasons for revision for all
the ages and the percentage of revisions for each reason can be seen below in Figure 12
[16].
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FIGURE 12: DENMARK REASONS FOR REVISION [16]

In Denmark, the most common reason for hip replacement revision surgery,
overall, for males and females, was aseptic loosening (27.6%), followed by dislocation
(18.5%), deep infection (18.1%), femur fracture (16.6%), wear (6.6%), pain (4.1%),
component failure (2.9%), osteolysis (1.2%), and other reasons (4.4%) [16].
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2.2.6 INDIA
The Indian Society of Hip & Knee Surgeons, ISHKS, established a national registry
around the year 2006. The current registry report (2018) includes data from 2018. The
registry does not report the percentage of surgeries reported from all the hip replacement
surgeries performed nationally. Data collection began in 2006, with the first publication
released in 2015. The reporting rate is not disclosed in the report, however, there are 261
surgeons who contributed to the total data set [17].
The most current registry report contains data from 2,040 hip replacement
surgeries, including 1,942 primary surgeries and 98 revision surgeries. The percentage of
all hip replacement surgeries that were revision surgeries were 4.8%. The total number of
hip replacement surgeries performed in India in 2018 was 2,040. This was a decrease
from the previous two years (2016-2017) [17].
There were 98 revision surgeries performed in India in 2018. Of all the hip
replacement surgeries performed in India during this time, 4.8% are revision surgeries.
Both the number of revision surgeries and the percentage decreased from the previous
years [17].
India reported only three reasons for the revision surgeries including aseptic
loosening (68.12%), infection (19.62%), and dislocation (12.26%). The reasons for
revision for all the ages and the percentage of revisions for each reason can be seen below
in Figure 13 [17].
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FIGURE 13: INDIA REASONS FOR REVISION [17]

In India, the most common reason for hip replacement revision surgery, overall,
for males and females, was aseptic loosening (68.12%), followed by infection (19.62%),
and dislocation (12.26%) [17].
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2.2.7 LITHUANIA
The Lithuanian Arthroplasty Registry, LSER, was established in 2010. The current
registry report (2018) includes data from 2011-2018. The registry covers 86.3% of all hip
replacement surgeries nationally [18].
The most current registry report contains data from 4,293 hip replacement
surgeries, including 4,169 primary surgeries and 124* revision surgeries. The percentage
of all hip replacement surgeries that were revision surgeries were 2.9%*. *This data is
determined based on the total of all the hip replacement surgeries and revisions between
2011 and 2018. The total number of hip replacement surgeries performed in Lithuania in
2017 was 4,293 [18].
There were 124* revision surgeries performed in Lithuania in 2018. *This value
was calculated based on the 2.9% revision rate for 2011-2018 [18].
Lithuania reported many reasons for the revision surgeries including aseptic
loosening (47.7%), followed by infection (10.1%), dislocation (8.5%), prosthesis fracture
(5.9%), polyethylene wear (5.3%), osteolysis (5.3%), big bone defect (4.8%), acetabular
protrusis (3.5%), fracture of implant (2.8%), spacer to THA (2.0%), paraarticular
ossification (1.8%), girdlestone to THA (0.9%), and other reasons (1.3%). However, the
four main reasons reported to the LSER were loosening, infection, dislocation, and
fracture. Only these four main reasons were used for further analysis and comparison to
the data collected from other countries. All the reasons for revision for all the ages and
the percentage of revisions for each reason can be seen below in Figure 14 [18].
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FIGURE 14: LITHUANIA REASONS FOR REVISION [18]

In Lithuania, the most common reason for hip replacement revision surgery,
overall, for males and females, was aseptic loosening (47.7%), followed by infection
(10.1%), dislocation (8.5%), prosthesis fracture (5.9%), polyethylene wear (5.3%),
osteolysis (5.3%), big bone defect (4.8%), acetabular protrusis (3.5%), fracture of implant
(2.8%), spacer to THA (2.0%), paraarticular ossification (1.8%), girdlestone to THA
(0.9%), and other reasons (1.3%) [18].
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2.2.8 N ORWAY
The Norwegian Arthroplasty Register, NAR, was established in 1987. The current
registry report (2018) includes data from 2017. The registry covers 89-96.9% of all hip
replacement surgeries nationally. Hospitals report the data to the NAR at the time of
surgery which is later validated for the annual report through comparison to other
national databases. For the 2017 year in which this report analyzes, between 89 and
96.9% or all hip replacement surgeries were reported [19].
The most current registry report contains data from 10,518 hip replacement
surgeries, including 9,086 primary surgeries and 1,432 revision surgeries. The percentage
of all hip replacement surgeries that were revision surgeries were 13.6%. This was a
slight decrease from 14.0% in 2016. The total number of hip replacement surgeries
performed in Norway in 2017 was 10,518. This was a slight increase from the previous
year (2016) [19].
There were 1,432 revision surgeries performed in Norway in 2017. Of all the hip
replacement surgeries performed in Norway during this time, 13.6% are revision
surgeries [19].
Norway reported many reasons for the revision surgeries including loosening of
the acetabular component (20.7%), loosening of the femoral component (11.8%),
dislocation (14.2%), deep infection (16.8%), periprosthetic fracture (9.3%), pain (8.8%),
osteolysis of the acetabular component with no loosening (2.1%), osteolysis of the femur
with no loosening (2.2%), gluteal failure (2.4%), polyethylene wear (1.9%), implant
fracture (1.9%), previous girdlestone (0.5%), other reasons (5.8%), and missing
information (1.8%). However, for analysis purposes, reasons such as loosening of the
acetabular component and loosening of the femoral component were combined as
loosening. In addition, the reasons osteolysis of the acetabular component with no
loosening and osteolysis of the femur with no loosening were combined to form
osteolysis. However, the four main reasons reported to the NAR were loosening,
dislocation, fracture, and infection. Only these four main reasons were used for further
analysis and comparison to the data collected from other countries. All the reasons for
revision for all the ages and the percentage of revisions for each reason can be seen below
in Figure 15 [19].
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FIGURE 15: NORWAY REASONS FOR REVISION [19]

In Norway, the most common reason for hip replacement revision surgery,
overall, for males and females, was loosening (32.5%), followed by deep infection
(16.8%), dislocation (14.2%), periprosthetic fracture (9.3%), pain (8.8%), osteolysis
(4.2%), gluteal failure (2.4%), polyethylene wear (1.9%), implant fracture (1.9%),
previous girdlestone (0.5%), other reasons (5.8%), and missing information (1.8%) [19].
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2.2.9 PAKISTAN
The Pakistan National Joint Registry, PNJR, was established in 2014. The current
registry report (2018) includes data from 2017-2018. The percentage of the reported
surgeries compared to all the hip replacement surgeries performed nationally was not
disclosed. Data is collected through the submission of forms to the PNJR following
surgery, however, whether this data is verified was not discussed in the current registry
report [20].
The most current registry report contains data from 814 hip replacement surgeries,
including 714 primary surgeries and 77 revision surgeries. The percentage of all hip
replacement surgeries that were revision surgeries were 9.7%. This is a decrease from
10.7% in the previous year. The total number of hip replacement surgeries performed in
Pakistan in 2017-2018 was 814. This was an increase, from 713 total hip replacement
surgeries in the previous year [20].
There were 77 revision surgeries performed in Pakistan in 2017-2018. Of all the
hip replacement surgeries performed in Pakistan during this time, 9.7% are revision
surgeries [20].
Pakistan reported six reasons for the revision surgeries including aseptic
loosening (46.1%), followed by dislocation (23.7%), infection (10.5%), fracture (7.9%),
instability (6.6%), and implant breakage (5.3%). However, for analysis purposes, reasons
such as instability and dislocation were combined. The four main reasons, loosening,
dislocation/instability, infection, and fracture were used for further analysis and
comparison to the data collected from other countries. All the reasons for revision for all
the ages and the percentage of revisions for each reason can be seen below in Figure 16
[20].
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FIGURE 16: PAKISTAN REASONS FOR REVISION [20]

In Pakistan, the most common reason for hip replacement revision surgery,
overall, for males and females, was aseptic loosening (46.1%), followed by dislocation
(23.7%), infection (10.5%), fracture (7.9%), instability (6.6%), and implant breakage
(5.3%) [20].
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2.2.10 SLOVAKIA
The Slovakian Arthroplasty Registry, SAR, was established in 1979. The current registry
report (2013) includes data from 2003-2011. The registry covers 79.3% of all hip
replacement surgeries nationally [21].
The most current registry report contains data from 5,540 hip replacement
surgeries, including 5,107 primary surgeries and 433 revision surgeries. The percentage
of all hip replacement surgeries that were revision surgeries were 7.8%. This is a decrease
from 8.4% in 2010. The total number of hip replacement surgeries performed in Slovakia
in 2011 was 5,540. This was an increase from the 5,430 total hip replacements from the
previous year [21].
There were 433 revision surgeries performed in Slovakia in 2010. This was a
decrease of 5.5% from the previous year (2010). Of all the hip replacement surgeries
performed in Slovakia during this time, 7.8% are revision surgeries [21].
Slovakia reported many reasons for the revision surgeries including aseptic
loosening (47.7%), followed by infection (10.1%), dislocation (8.5%), periprosthesis
fracture (5.9%), polyethylene wear (5.3%), osteolysis (5.3%), big bone defect (4.8%),
acetabular protrusis (3.5%), fracture of implant (2.8%), spacer to THA (2.0%),
paraarticular ossification (1.8%), girdlestone to THA (0.9%), and other reasons (1.3%).
However, the four main reasons reported to the SAR were loosening, infection,
dislocation, and fracture. Only these four main reasons were used for further analysis and
comparison to the data collected from other countries. All the reasons for revision for all
the ages and the percentage of revisions for each reason can be seen below in Figure 17
[21].
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FIGURE 17: SLOVAKIA REASONS FOR REVISION [21]

In Slovakia, the most common reason for hip replacement revision surgery,
overall, for males and females, was aseptic loosening (47.7%), followed by infection
(10.1%), dislocation (8.5%), periprosthesis fracture (5.9%), polyethylene wear (5.3%),
osteolysis (5.3%), big bone defect (4.8%), acetabular protrusis (3.5%), fracture of implant
(2.8%), spacer to THA (2.0%), paraarticular ossification (1.8%), girdlestone to THA
(0.9%), and other reasons (1.3%) [21].
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2.2.11 GERMANY
The Endoprosthesis Register Germany, EPRD, was established in 2010. The current
registry report (2019) includes data from 2018. With voluntary reporting, the registry
covers 66.7% of all hip replacement surgeries nationally. This was an increase from the
64.1% reporting in the previous year. Since reporting to the EPRD is voluntary, provided
consent from the patient, the data is compared to that of the insurance companies [22].
The most current registry report contains data from 167,365 hip replacement
surgeries, including 150, 284 primary surgeries and 17,081 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 10.2%. Of
all the hip replacement surgeries performed in 2018, 78.6% were uncemented, 5%
cemented, and 16.4% were hybrid [22].
There were 17,081 revision surgeries performed in Germany in 2018. Of all the
hip replacement surgeries performed in Germany during this time, 10.2% are revision
surgeries [22].
Germany reported many reasons for the revision surgeries including loosening
(29.8%), followed by infection (15.2%), dislocation (11.7%), periprosthetic fracture
(10.9%), condition after prosthesis removal (9.2%), implant wear (8.1%), failure of a
component (1.8%), implant failure (dislocation) (1.6%), osteolysis (0.9%), progression of
osteoarthritis (0.3%), and other reasons (10.5%). For analysis purpose, implant failure
(dislocation) was considered the same as dislocation. However, the four main reasons
reported to the EPRD were loosening, infection, dislocation, and fracture. Only these four
main reasons were used for further analysis and comparison to the data collected from
other countries. All the reasons for revision for all the ages and the percentage of
revisions for each reason can be seen below in Figure 21 [22].
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FIGURE 18: GERMANY PRIMARY AND REVISION SURGERY BY AGE [22]

In Germany, most of the primary and revision hip replacement surgeries occurred
in patients between the ages of 75 and 84 years old. For primary hip replacement
surgeries, 1.9% occurred in patients less than 45 years old, 7.7% in patients 45 to 54
years old, 20.5% in patients 55 to 64 years old, 28.4% in patients 65 to 74 years old,
33.0% in patients 75 to 84 years old, and 8.6% in patients 85 years and older. For
revision hip replacement surgeries, 1.7% occurred in patients less than 45 years old, 5.5%
in patients 45 to 54 years old, 14.9% in patients 55 to 64 years old, 25.3% in patients 65
to 74 years old, 41.0% in patients 75 to 84 years old, and 11.7% in patients 85 years and
older. Overall, the majority of all hip replacement surgeries, both primary and revision,
occurred between the ages of 75 and 84 years old for both men and women [22].
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FIGURE 19: GERMANY PRIMARY HIP ARTHROPLASTY BY AGE AND GENDER [22]

In Germany, most of the primary hip replacement surgeries occurred in patients
between the ages of 75 and 84 years old with 33.0% of all primary hip replacement
surgeries occurring in this age group. For primary hip replacement surgeries, 1.9%
occurred in patients less than 45 years old with 56% being male and 44% being female,
7.7% in patients 45 to 54 years old with 54% being male and 46% being female, 20.5% in
patients 55 to 64 years old with 49% being male and 51% being female, 28.4% in patients
65 to 74 years old with 40% being male and 60% being female, 33.0% in patients 75 to
84 years old with 34% being male and 66% being female, and 8.6% in patients 85 years
and older with 28% being male and 72% being female. Overall, as the age increased, the
majority of the primary hip replacement surgeries shifted from male to female. Up until
age 55, the majority of primary hip replacement surgeries were performed on men. At
ages 55 to 64, the ratio of primary hip replacement surgeries for men and women was
about equal. Then, for ages 65 years and up, the majority of primary hip replacement
surgeries shifted to being mostly performed on women [22].
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FIGURE 20: GERMANY REVISION SURGERY BY AGE AND GENDER [22]

In Germany, most of the revision hip replacement surgeries occurred in patients
between the ages of 75 and 84 years old with 41.0% of all revision hip replacement
surgeries occurring in this age group. For revision hip replacement surgeries, 1.7%
occurred in patients less than 45 years old with 54% being male and 46% being female,
5.5% in patients 45 to 54 years old with 53% being male and 47% being female, 14.9% in
patients 55 to 64 years old with 50% be male and 50% being female, 25.3% in patients 65
to 74 years old with 45% being male and 55% being female, 41.0% in patients 75 to 84
years old with 38% being male and 62% being female, and 11.7% in patients 85 years
and older with 29% being male and 71% being female. Overall, as the age increased, the
majority of the revision hip replacement surgeries shifted from male to female. Up until
age 55, the majority of revision hip replacement surgeries were performed on men. At
ages 55 to 64, the ratio of revision hip replacement surgeries for men and women was
equal. Then, for ages 65 years and up, the majority of revision hip replacement surgeries
shifted to being mostly performed on women [22].
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FIGURE 21: GERMANY REASONS FOR REVISION [22]

In Germany, the most common reason for hip replacement revision surgery,
overall, for males and females, was loosening (29.8%), followed by infection (15.2%),
dislocation (11.7%), periprosthetic fracture (10.9%), condition after prosthesis removal
(9.2%), implant wear (8.1%), failure of a component (1.8%), implant failure (dislocation)
(1.6%), osteolysis (0.9%), progression of osteoarthritis (0.3%), and other reasons (10.5%)
[22].
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2.2.12 SWEDEN
The Swedish Hip Arthroplasty Register was established in 1979. The current registry
report (2017) includes data from 2017. The registry covers 93-98% of all hip replacement
surgeries nationally. Data is then compared to the patient reported outcomes for
validation [23].
The most current registry report contains data from 20,144 hip replacement
surgeries, including 18,148 primary surgeries and 1,996 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 11.0%. This
is slightly lower than previous years ranging from 11.9% to 14.1% [23].
Sweden reported reasons for the revision surgeries including loosening (43.3%),
followed by infection (21.3%), fracture (16.3%), dislocation (11.9%), implant fracture
(0.7%), and other reasons (6.5%). However, the four main reasons reported to the
Swedish Hip Arthroplasty Register were loosening, infection, fracture, and dislocation.
Only these four main reasons were used for further analysis and comparison to the data
collected from other countries. All the reasons for revision for all the ages and the
percentage of revisions for each reason can be seen below in Figure 22 [23].
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FIGURE 22: SWEDEN REASONS FOR REVISION [23]

In Sweden, the most common reason for hip replacement revision surgery,
overall, for males and females, was loosening (43.3%), followed by infection (21.3%),
fracture (16.3%), dislocation (11.9%), implant fracture (0.7%), and other reasons (6.5%)
[23].
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2.2.13 SWITZERLAND
The Swiss National Implant Registry, Hip and Knee, SIRIS, was established in 2012. The
current registry report (2019) includes data from 2012-2018. Participation in the SIRIS
has become mandatory for nearly all hospitals and clinics performing hip and knee
arthroplasty surgeries throughout the nation. SIRIS data is collected via supervised data
entry by hospitals into an online database or much less often submitted via paper
documentation. The data is then validated and checked for completeness and plausibility
prior to completion of entry. Although difficult to predict, the reporting rate to the SIRIS
was estimated to cover 90-92% of all hip replacement surgeries, both primary and
revision, nationally [24].
The number of hip replacement surgeries has increased by over 2% annually. This
increase in need is due mostly to the aging population within the most at-risk group, 50–
89-year-olds [24].
Primary hip replacements in Switzerland accounted for 530.97 per 100,000 of atrisk population (50-89 years old) in 2018 compared to 529.79 per 100,000 of at-risk
population in 2017. When looking at the entire population, primary hip replacements
occurred at a rate of 217.52 per 100,000 total population in 2018. This was consistent
with the rate observed in 2017 as well [24].
The most current registry report contains data from 21,368 total hip replacement
surgeries, including 18,885 primary surgeries and 2,483 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 11.6%. This
was a decrease from the previous year with a revision rate of 12% in 2017. Of all the hip
replacement surgeries performed in 2018, 86.7% were uncemented, 1.4% cemented, and
11.1% were hybrid [24].
Primary total hip replacement most often occurred between the ages of 65 and 75
years old, whereas revision hip surgery most often occurred in a slightly older population
between the ages of 70 and 80 years old [24].
There were 2,483 revision surgeries performed in Switzerland in 2018. Of all the
hip replacement surgeries performed in Switzerland during this time, 11.6% are revision
surgeries [24].
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The mean age for primary hip arthroplasty surgery for both men and women
increased slightly from previous years to 68.9 years old in 2018 with men averaging 66.9
years old and women at 70.6 years. The mean age for revision surgery also increased
from previous years to 72.1 years old for both genders with men at 70.8 years and women
at 73.3 years. Overall, primary and revision hip arthroplasty surgery was performed more
commonly on women with 53.1% of primary surgeries and 51.1% of revision surgeries.
In addition to age and gender, data was recorded and analyzed for BMI and ASA score as
well. The mean BMI for primary surgeries was 27.2, whereas BMI was 27.3 for revision
surgeries. The mean ASA score for primary surgeries was 2.2, whereas ASA score was
2.5 for revision surgeries [24].
Switzerland reported many reasons for the revision surgeries including loosening
femoral (15.0%), followed by infection (13.3%), loosening acetabular (12.6%),
periprosthetic fracture (10.9%), dislocation (7.9%), wear (4.3%), metallosis (3.6%),
acetabular osteolysis (2.7%), position/orientation of cup (2.5%), femoral osteolysis
(2.4%), trochanter pathology (1.5%), status after spacer (1.5%), implant breakage (1.4%),
blood ion level (1.3%), position/orientation of stem (1.2%), impingement (1.1%),
acetabular protrusion (0.9%), squeaking (0.4%), and other reasons (15.6%). For analysis
purpose, loosening femoral and loosening acetabular were combined as dislocation.
However, the four main reasons reported to the SIRIS were loosening, infection, fracture,
and dislocation. Only these four main reasons were used for further analysis and
comparison to the data collected from other countries. All the reasons for revision for all
the ages and the percentage of revisions for each reason can be seen below in Figure 26
[24].
In addition to analyzing the reasons for all hip revision surgeries, the reasons for
early revisions, revision surgeries occurring within the first 24 months post primary
surgery, were also analyzed. The most common reason for hip replacement revision
surgery, occurring at any time post primary surgery, was loosening (27.7%), followed by
infection (13.3%), periprosthetic fracture (10.9%), and dislocation (7.9%). However, for
revision surgeries occurring within the first 24 months after primary surgery, the most
common reason for revision was loosening (19.8%), followed by infection (19.7%),
periprosthetic fracture (17.2%), and dislocation (14.1%). When comparing all revisions to
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early revisions, it can be observed that those occurring early in the post-op time frame
were required more frequently for reasons such as infection, fracture, and dislocation than
the revision surgeries that occurred more than 24 months post primary surgery. This can
be seen below in Figure 27 [24].
The median time frame for early revisions due to fracture occurred at 0.8 months
since primary surgery. The median time frame for early revisions due to dislocation
occurred at 1.2 months since primary surgery. The median time frame for early revisions
due to infection occurred at 1.5 months since primary surgery. While the median time
frame for early revisions due to loosening occurred at 8.8 months since primary surgery.
The median time frame for early revisions due to other reasons occurred at 6.7 months
since primary surgery. This can be seen below in Figure 28 [24].
Looking at BMI and the failure rate vs. years since the primary surgery, it can be
observed that as the BMI increases, the rate of failure increases. Therefore, those with a
high BMI (40 or higher) have a much higher chance of device failure than those with a
lower BMI (30 or less). These findings were significant in that those within the following
groups: BMI <30, BMI 30-39.9, and BMI 40+, had significantly different failure rates.
These findings can be seen below in Figure 29 [24].
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FIGURE 23: SWITZERLAND PRIMARY AND REVISION SURGERY BY AGE AND GENDER [24]

In Switzerland, most of the primary hip replacement surgeries occurred in patients
between the ages of 65 and 74 years old, whereas most revision surgeries occurred in
patients between the ages of 75 and 84. For primary hip replacement surgeries, 2.3%
occurred in patients less than 45 years old, 9.3% in patients 45 to 54 years old, 21.7% in
patients 55 to 64 years old, 32.6% in patients 65 to 74 years old, 27.1% in patients 75 to
84 years old, and 7.0% in patients 85 years and older. For revision hip replacement
surgeries, 1.9% occurred in patients less than 45 years old, 7.3% in patients 45 to 54
years old, 15.4% in patients 55 to 64 years old, 29.6% in patients 65 to 74 years old,
31.8% in patients 75 to 84 years old, and 14.1% in patients 85 years and older. Overall,
the majority of all hip replacement surgeries, both primary and revision, occurred
between the ages of 65 and 84 years old for both men and women [24].
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FIGURE 24: SWITZERLAND PRIMARY AND REVISION SURGERY BY BMI [24]

In Switzerland, most of the primary and revision hip replacement surgeries
occurred in patients with a BMI between 18.5 and 29.9. The mean BMI for primary
surgeries was 27.2, whereas BMI was 27.3 for revision surgeries. For primary hip
replacement surgeries, 2.1% occurred in patients with a BMI less than 18.5, 34.8% in
patients with a BMI 18.5-24.9, 38.2% in patients with a BMI 25-29.9, 17.5% in patients
with a BMI 30-34.9, 5.4% in patients with a BMI 35-39.9, and 2.0% in patients with a
BMI of 40 or higher. For revision hip replacement surgeries, 2.4% occurred in patients
with a BMI less than 18.5, 34.3% in patients with a BMI 18.5-24.9, 36.6% in patients
with a BMI 25-29.9, 18.1% in patients with a BMI 30-34.9, 5.8% in patients with a BMI
35-39.9, and 2.8% in patients with a BMI of 40 or higher. Overall, the majority of all hip
replacement surgeries, both primary and revision, occurred in patients with a BMI
between 18.5 and 29.9 for both men and women [24].
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FIGURE 25: SWITZERLAND PRIMARY AND REVISION SURGERY BY ASA SCORE [24]

In Switzerland, most of the primary and revision hip replacement surgeries
occurred in patients with an ASA score of 2-3, averaging 2.2 for primary surgeries and
2.5 for revision surgeries. For primary hip replacement surgeries, 11.9% occurred in
patients with an ASA score of 1, 59.6% in patients with an ASA score of 2, 27.6% in
patients with an ASA score of 3, and 0.9% in patients with an ASA score of 4-5. For
revision hip replacement surgeries, 5.7% occurred in patients with an ASA score of 1,
44.2% in patients with an ASA score of 2, 27.2% in patients with an ASA score of 3, and
2.9% in patients with an ASA score of 4-5. Overall, the majority of all hip replacement
surgeries, both primary and revision, occurred in patients with an ASA score of 2-3 for
both men and women [24].
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FIGURE 26: SWITZERLAND REASONS FOR REVISION [24]

In Switzerland, the most common reason for hip replacement revision surgery,
overall for males and females, was loosening (27.7%), followed by infection (13.3%),
periprosthetic fracture (10.9%), dislocation (7.9%), wear (4.3%), metallosis (3.6%),
acetabular osteolysis (2.7%), position/orientation of cup (2.5%), femoral osteolysis
(2.4%), trochanter pathology (1.5%), status after spacer (1.5%), implant breakage (1.4%),
blood ion level (1.3%), position/orientation of stem (1.2%), impingement (1.1%),
acetabular protrusion (0.9%), squeaking (0.4%), and other reasons (15.6%) [24].
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FIGURE 27: SWITZERLAND REASONS FOR REVISION EARLY VS. ALL REVISIONS [24]

Figure 27 compares the reason for revision for all revisions compared to early
revisions. Early revisions are defined as those occurring within the first 24 months post
primary hip arthroplasty surgery. In Switzerland, the most common reason for hip
replacement revision surgery, occurring at any time post primary surgery, was loosening
(27.7%), followed by infection (13.3%), periprosthetic fracture (10.9%), and dislocation
(7.9%). However, for revision surgeries occurring within the first 24 months after
primary surgery, the most common reason for revision was loosening (19.8%), followed
by infection (19.7%), periprosthetic fracture (17.2%), and dislocation (14.1%) [24].
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FIGURE 28: SWITZERLAND FREQUENCY OF EARLY REVISION BY REASON AND MONTHS SINCE PRIMARY
SURGERY [24]

For early hip revision surgeries (those occurring within first 24 months post
primary surgery), fracture occurred most frequently within the first couple months with
the median time of revision due to fracture occurring at 0.8 months since primary
surgery. Dislocation occurred next most often early on in the post-op time frame with the
median time of early revision due to dislocation occurring at 1.2 months post primary
surgery. The median time for early revision due to infection occurred at 1.5 months post
primary surgery. Whereas early revision due to loosening didn’t occur until 8.8 months
post primary surgery. Other reasons for early revision occurred around 6.7 months post
primary surgery [24].
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[24]

Failure rates of hip prosthetics were observed by years since the primary surgery
by BMI. From the findings, it can be observed that as the BMI increases, the rate of
failure increases. Therefore, those with a high BMI (40 or higher) have a much higher
chance of device failure than those with a lower BMI (30 or less). These findings were
significant in that those within the following groups: BMI <30, BMI 30-39.9, and BMI
40+, had significantly different failure rates. Meaning patients with a BMI of 40 or higher
were significantly more likely to have their device fail than those with a BMI less than
40. In addition, patients with a BMI 30-39.9 were significantly more likely to have their
device fail than those with a BMI of less than 30, but significantly less likely than those
with a BMI of 40 or higher. Those with a BMI or less than 30 had a significantly lower
likelihood of their device failing than those with a BMI of 30 or higher [24].
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2.2.14 NJR
The National Joint Registry, NJR, consisting of data from England, Wales, Northern
Ireland, and the Isle of Man was first established in 2002 by the Welsh government with
Northern Ireland joining in 2013 and the Isle of Man in 2015. The current registry report
(2019) includes data from 2018. With this year being the 16th annual report, the NJR
remains the largest registry in the world with more than 2.86 million surgeries recorded
including 1.2 million hip arthroplasty surgeries. Data for the NJR is collected via a webbased database input by the hospital performing the surgery. Submission to the NJR has
been mandatory since 2011 resulting in a 90-96% reporting rate. The registry contains
data on the hip, knee, ankle, elbow, and shoulder. Hip and knee data have been recorded
since 2003, while ankle was added in 2010, and elbow and shoulder were added in 2012.
Each patient with data input into the NJR is given a unique identifier code which allows
for the follow-up and analysis of the survivorship of the device including any revision
surgeries. Data collected by the NJR is then compared to all recorded surgeries by each
hospital in order to check for accuracy and completeness of the database. One of the
newest additions to the NJR is an automated data quality audit system which is able to
check inputted data at time of entry to hospital recorded data checking for discrepancies
as well as plausibility. In addition to this new automated data quality audit system, the
NJR released a Patient Decision Support Tool in 2019 which allows patents to enter their
personal demographic information and see their individual risks and benefits of
consenting to either hip or knee replacement surgery [25].
The most current registry report contains data from 1,207,669 hip replacement
surgeries, including 1,091,892 primary surgeries and 115,777 revision surgeries. The
percentage of all hip replacement surgeries that were revision surgeries were 9.6%
overall and 8.3% for 2018. Of these 112,034 primary hip surgeries and 10,151 revision
surgeries for a total of 122,185 hip replacement surgeries occurring in 2018 with 112,247
occurring in England, 7,367 occurring in Wales, and 2,571 occurring in Northern Ireland
[25].
Of all the hip replacement surgeries performed in 2018, 36.4% were uncemented,
27.2% cemented, and 31.2% were hybrid [25].
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There were 10,151 revision surgeries performed in England, Wales, and Northern
Ireland in 2018. Of all the hip replacement surgeries performed during this time, 8.3%
were revision surgeries [25].
In addition to reporting revision rates, the NJR reported the cumulative percentage
of patients who undergo a revision surgery following a total hip arthroplasty for years
post-primary surgery. This data was collected based on patients who had a THA in the
year 2009 and were followed through the current year. A projected increase in the
cumulative percent of those who will require a revision surgery can be seen below in
Figure 30 [25].
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FIGURE 30: NJR CUMULATIVE PERCENTAGE OF REVISION SURGERIES BY YEARS SINCE PRIMARY SURGERY
WITH TREND LINE PROJECTION [25]

The NJR reported many reasons for the revision surgeries including loosening
(40.5%), followed by dislocation (17.4%), periprosthetic fracture (14.6%), implant wear
(13.9%), lysis (13.1%), adverse reaction to particulate debris (12.4%), pain (8.3%),
infection (6.1%), other reasons (5.8%), malalignment (4.9%), implant fracture (3.8%),
head-socket size mismatch (0.5%). All the reasons for revision for all the ages and the
percentage of revisions for each reason can be seen below in Figure 31 [25].
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FIGURE 31: NJR REASONS FOR REVISION [25]
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2.2.15 AJRR
The American Joint Replacement Registry, AJRR, consisting of data from over 1,200
facilities within the US that perform total hip arthroplasties. The AJRR was first
established in 2012. The AJRR joined the American Academy of Orthopedic Surgeons,
AAOS, Registry Program in 2017. The registry has continued to grow over the years. The
current registry report (2020) includes data from 2012-2019. To date, the AJRR has
collected data on 1,525,435 surgeries including both hip and knee primary and revision
surgeries. Data for the AJRR is submitted by the hospital performing the surgery with an
electronic dashboard available for surgeons and facilities to view data analytics by
surgeon or facility wide. Submission to the AJRR is voluntary with 1,219 facilities
contributing as of 2018. This translates to approximately 15% of all facilities that perform
hip arthroplasty procedures nationwide. The AJRR does not have any regulations on
frequency of data reporting from facilities, however they recommend reporting at least
quarterly. The registry contains data on the hip and knee. An additional registry overseen
by the AAOS contains data on shoulder, elbow, and rotator cuff. This registry is known
as the Shoulder and Elbow Registry (SER) [26].
The most current registry report contains data from 2012-2018 including 498,050
primary hip arthroplasties and 44,951 hip revision surgeries. This correlates to percentage
of 8.3% revision surgeries out of all hip replacement surgeries performed during that time
period. Out of all the surgeries that were performed, 59% were on females while 41%
were on males. The average age of hip arthroplasty patients 67.4 years. In 2018, there
were 99,735 hip replacement surgeries, including 95,399 primary surgeries and 4,336
revision surgeries. The percentage of all hip replacement surgeries that were revision
surgeries were 4.3% for 2018. A trend has been seen of an increase in use of ceramic
heads and polyethylene liners [26].
For the years 2012-2018, the AJRR reported many reasons for the revision
surgeries including instability (19.1%), followed by loosening (17.4%), other (17.1%),
mechanical complications (15.0%), infection (13.3%), bearing surface wear (5.5%),
fracture (9.7%), and osteolysis (2.9%). All the reasons for revision for all the ages and the
percentage of revisions for each reason can be seen below in Figure 32 [26].
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FIGURE 32: AJRR REASONS FOR REVISION [26]
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CHAPTER 3: HIP ARTHROPLASTY REGISTRY INVESTIGATION
3.1

INTRODUCTION

Three different types of hip replacement surgery may occur, depending on the fixation
method of the femoral component and the acetabular cup. These include cemented, in
which both the femoral and acetabular components are used with cement; uncemented, in
which cement is not used for either component; or hybrid, in which cement is used for
one of the components [1].
TABLE 1: HIP REGISTRIES ANALYZED YEAR AND REPORTING RATE [12-26]

Country

Year Registry
Began

Registry Year Used in
Analysis

Reporting
Rate

Canada

2001

2018

72.1%

Australia

1999

2018

98.8%

New Zealand

1997

2018

95%

Romania

2001

2015

98%

Denmark

1995

2018

95-98%

India

*

2018

*

Lithuania

2010

2018

86.33%

Norway

1987

2018

89-96.9%

Pakistan

2014

2018

*

Slovakia

1979

2013

79.34%
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Germany

2010

2019

66.7%

Sweden

1979

2017

93-98%

Switzerland

2012

2019

90-92%

NJR

2002

2019

90-96%

AJRR

2012

2018

15%

* Denotes data unknown/unavailable.

TABLE 2: HIP REGISTRIES ANALYZED PRIMARY AND REVISION SURGERIES [12-26]

Country

Total Number of
Hip Replacements
Performed

Number of Hip
Revision
Surgeries

Percentage of Hip
Surgeries that were
Revisions

Canada

58,492

4,822

8.2%

Australia

47,972

4,280

8.9%

New Zealand

9,743

593

6.1%

Romania

10,816

530

4.9%

Denmark

11,876

1,441

12.1%

India

2,040

98

4.8%

Lithuania

4,293

124*

2.9%*

Norway

10,518

1,432

13.6%

Pakistan

791

77

9.7%
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Slovakia

5,540

433

7.8%

Germany

167,365

17,081

10.2%

Sweden

20,144

1,996

9.9%

Switzerland

21,368

2,483

11.6%

NJR

122,185

10,151

8.3%

AJRR

99,735

4,336

4.3%

* Denotes values determined based on all data from 2011-2017.
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3.2

METHODS
The goal of this project is to compile the national registries for hip replacements,

comparing the data from different countries and statistically analyzing the reasons for
revision. Throughout this thesis, a total of 37 national joint registries were identified.
Those countries with national joint registries include: Canada, Australia, New Zealand,
Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
Switzerland, National Joint Registry (NJR-England, Wales, Northern Ireland, and the Isle
of Man), American Joint Replacement Registry (AJRR), Finland, Moldavia, Hungary,
Turkey, Austria, Scotland, Spain, Netherlands, Israel, South Africa, Czech Republic,
Greece, Italy, Singapore, Croatia, France, Bulgaria, Portugal, Belgium, Egypt, Slovenia,
and Iran. Of these, data on reasons for revision surgeries was obtained from these 15
national joint registries: Canada, Australia, New Zealand, Romania, Denmark, India,
Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland, National Joint
Registry (NJR-England, Wales, Northern Ireland, and the Isle of Man), and American
Joint Replacement Registry (AJRR). The reasons for revision for these 15 countries were
compared using the most recent published data available at the time of analysis.
Statistical analysis was completed using JMP comparing both reason and country. Further
analysis was completed on joint registries which had multiple consecutive years of data
on reasons for revision. Five registries were identified as having this data available
including Australia, New Zealand, Denmark, Norway, and AJRR. Statistical analysis was
completed comparing reasons, countries, and years. Additionally, projections were made
based on the previous five and six years, respectively, to project the most recent year as
well as the following year, where data is not yet available. The last year’s data was
compared to the projections and a percent error was calculated. The goal of this thesis is
to gather data from many countries throughout the world in order to identify trends in the
reason for revision of the hip arthroplasty surgery.
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3.3

RESULTS

3.3.1 COMPARISON OF ALL COUNTRIES
3.3.1.1 A LL C OUNTRIES A NALYZED

The 15 countries earlier identified were compared based on the reason for
revision. The data was statistical analyzed using JMP. All conclusions were based on a
confidence interval of 95%. Figures 33-36 show the revisions by country for the four
different reasons. Figure 37 shows all revisions by reason and country. Figures 38-42
show the statistical analysis completed in JMP indicating whether a significant effect was
found on the percentage of revision for reason and country.
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FIGURE 33: REVISION DUE TO LOOSENING BY COUNTRY

Figure 33 compares the percentage of revisions that were due to loosening
between the 15 countries analyzed in this thesis. Between these countries for the most
recent year, India had the highest percentage of revisions due to loosening at 68.1%,
while the AJRR had the lowest percentage at 17.4%. Overall, the average percentage of
revisions due to loosening between these 15 countries (Canada, Australia, New Zealand,
Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
Switzerland, NJR, and AJRR) was 36.0% with a standard deviation of 13.5%.
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FIGURE 34: REVISION DUE TO INFECTION BY COUNTRY

Figure 34 compares the percentage of revisions that were due to infection between
the 15 countries analyzed in this thesis. Between these countries for the most recent year,
Canada had the highest percentage of revisions due to infection at 27.9%, while the
Romania had the lowest percentage at 5.3%. Overall, the average percentage of revisions
due to infection between these 15 countries (Canada, Australia, New Zealand, Romania,
Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland,
NJR, and AJRR) was 15.0% with a standard deviation of 5.8%.
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Dislocation/Instability
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FIGURE 35: REVISION DUE TO DISLOCATION/INSTABILITY BY COUNTRY

Figure 35 compares the percentage of revisions that were due to
dislocation/instability between the 15 countries analyzed in this thesis. Between these
countries for the most recent year, Pakistan had the highest percentage of revisions due to
dislocation/instability at 30.3%, while the Romania had the lowest percentage at 6.0%.
Overall, the average percentage of revisions due to dislocation/instability between these
15 countries (Canada, Australia, New Zealand, Romania, Denmark, India, Lithuania,
Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland, NJR, and AJRR) was
15.7% with a standard deviation of 6.2%.
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Fracture

% of Revisions

25
20

15
10

5
0

Country
FIGURE 36: REVISION DUE TO FRACTURE BY COUNTRY

Figure 36 compares the percentage of revisions that were due to fracture between
the 14 countries analyzed. This analysis only had 14 countries instead of the 15 analyzed
for the reasons since India did not report fracture. Between these countries for the most
recent year, Canada had the highest percentage of revisions due to fracture at 21.4%,
while the Romania had the lowest percentage at 4.0%. Overall, the average percentage of
revisions due to fracture between these 14 countries (Canada, Australia, New Zealand,
Romania, Denmark, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
Switzerland, NJR, and AJRR) was 12.3% with a standard deviation of 5.2%.
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FIGURE 37: REASON FOR REVISION FOR ALL COUNTRIES

Figure 37 compares the percentage of revisions for each reason (loosening,
infection, instability/dislocation, and fracture) for the 15 countries (Canada, Australia,
New Zealand, Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia,
Germany, Sweden, Switzerland, NJR, and AJRR) analyzed in this thesis.

FIGURE 38: EFFECT OF REASON AND COUNTRY ON PERCENTAGE OF REVISION

Figure 38 analyzes the effect that reason (loosening, infection,
dislocation/instability, and fracture) and country (Canada, Australia, New Zealand,
Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
Switzerland, NJR, and AJRR) have on the percentage of revision. It can be seen that the
p-value for reason is <0.0001, while the p-value for country is 0.3557. Therefore, one can
conclude that at 95% CI, the reason has a significant effect on the percentage of
revisions, since p-value < 0.05. While the country does not have a significant effect on
the percentage of revision, since p-value > 0.05.
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FIGURE 39: STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 39 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that loosening is significantly different than the other reasons (instability/dislocation,
infection, and fracture). When analyzing the ordered differences report, it can be
concluded that loosening is significantly different than all other reasons (p-value
<0.0001) when compared to all other “levels” (reasons). However, the other three reasons
(instability/dislocation, infection, and fracture) are not significantly different from one
another with a p-value of >0.05.
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FIGURE 40: STATISTICAL ANALYSIS OF REVISION BY COUNTRY

Figure 40 shows the statistical analysis of the percentage of revision by country.
The p-value for country is 0.9181, indicating no significant effect of country on the
percentage of revisions.
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FIGURE 41: STATISTICAL ANALYSIS OF REVISION BY COUNTRY

When looking at the connecting letters report comparing the countries, one can
conclude that India and Romania are significantly different from one another. However,
all countries besides Romania are not significantly different from one another, as well as
all countries besides India are not significantly different from one another.
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FIGURE 42: STATISTICAL ANALYSIS OF REVISION BY COUNTRY

When analyzing the ordered differences report, it can be concluded that India and
Romania are significantly different from one another with a p-value <0.0001. When
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comparing all other “levels” (countries), it can be concluded that there is no significant
difference from one another with a p-value of >0.05.

3.3.1.2 Countries Analyzed With >85% Reporting Rate
After completing statistical analysis of reason and country on the percentage of
revisions, it was decided to repeat the analysis based on the countries with a higher
reporting rate. The reporting rate threshold set for this portion of the analysis was >85%.
From the 15 countries (Canada, Australia, New Zealand, Romania, Denmark, India,
Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland, NJR, and AJRR)
previously analyzed, 9 countries (Australia, New Zealand, Romania, Denmark, Lithuania,
Norway, Sweden, Switzerland, and NJR) were found to have a >85% reporting rate for
the year analyzed based on the data from Table 1. These countries with at reporting rate
of >85% analyzed in this portion of the analysis can be seen below in Table 3.
TABLE 3: COUNTRIES ANALYZED WITH REPORTING RATE >85%

Country

Year Registry
Began

Registry Year Used in
Analysis

Reporting
Rate

Australia

1999

2018

98.8%

New Zealand

1997

2018

95%

Romania

2001

2015

98%

Denmark

1995

2018

95-98%

Lithuania

2010

2018

86.33%

Norway

1987

2018

89-96.9%

Sweden

1979

2017

93-98%

Switzerland

2012

2019

90-92%

NJR

2002

2019

90-96%
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FIGURE 43: EFFECT OF REASON AND COUNTRY ON REVISION

Figure 43 analyzes the effect that reason (loosening, infection,
dislocation/instability, and fracture) and country (Australia, New Zealand, Romania,
Denmark, Lithuania, Norway, Sweden, Switzerland, and NJR) have on the percentage of
revision. It can be seen that the p-value for reason is <0.0001, while the p-value for
country is 0.0927. Therefore, one can conclude that at 95% CI, the reason has a
significant effect on the percentage of revisions, since p-value < 0.05. While the country
does not have a significant effect on the percentage of revision, since p-value > 0.05.
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FIGURE 44: STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 44 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that loosening is significantly different than the other reasons (instability/dislocation,
infection, and fracture). When analyzing the ordered differences report, it can be
concluded that loosening is significantly different than all other reasons (p-value
<0.0001) when compared to all other “levels” (reasons). However, the other three reasons
(instability/dislocation, infection, and fracture) are not significantly different from one
another with a p-value of >0.05.
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FIGURE 45: STATISTICAL ANALYSIS OF REVISION BY COUNTRY

Figure 45 shows the statistical analysis of the percentage of revision by country.
The p-value for country is 0.8683, indicating no significant effect of country on the
percentage of revisions. When looking at the connecting letters report comparing the
countries, one can conclude that no country is significantly different from one another.
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FIGURE 46: STATISTICAL ANALYSIS OF REVISION BY COUNTRY

When analyzing the ordered differences report comparing revision by country, it
can be concluded that no country is significantly different from one another with all pvalues >0.05.
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3.3.2 COMPARISON OF COUNTRIES OVER T IME
A total of 5 countries (Australia, New Zealand, Denmark, Norway, and AJRR)
were found to data available over multiple consecutive years indicating percentages of
revisions for each reason. These five countries were statistically analyzed determining
whether reason, country, and year significantly affect the percentage of revisions.

3.3.2.1 A USTRALIA
TABLE 4: AUSTRALIA REASONS FOR REVISION 2014-2019

Year

Reporting
Rate

2014

> 98%

2015

> 98%

2016

> 98%

2017

> 98.8%

2018

> 97.8%

2019

> 97.8%

Reason

%

#

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

28.0%
24.2%
18.2%
17.3%
27.6%
23.5%
18.7%
17.5%
25.6%
21.6%
19.5%
17.7%
25.0%
21.1%
20.3%
18.1%
24.6%
20.8%
20.7%
18.2%
24.2%
20.3%
21.1%
18.6%

1,250
1,081
813
773
1,201
1.022
813
761
1,099
927
837
760
1,089
919
884
788
1,049
887
882
776
1,065
894
929
819

Total
Total
Primary Revision
HA
HA
32,690

4,466

34,321

4,350

36,770

4,292

37,532

4,356

39,389

4,263

40,695

4,402

Table 4 shows the reason for revision in Australia for the years analyzed (20142019). This data was statistically analyzed in Figures 47-49. [
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FIGURE 47: AUSTRALIA REASONS FOR REVISION 2014-2019 WITH 2020 PROJECTION

Figure 47 shows the percentage of revisions for each reason for the years 20142019. A best fit line was found for each reason over the course of this time period and a
projection was made based on this data indicating a predicted percentage of revisions for
the next year (2020).

TABLE 5: AUSTRALIA BEST FIT LINE EQUATION AND PROJECTIONS

Reason for
Revision

Best Fit Line
Equation

Estimated %
for 2019

Actual %
for 2019

% Error

Estimated %
for 2020

R2

Loosening
Dislocation
Fracture
Infection

y = -0.94x + 1921.2
y = -0.92x + 1877
y = 0.66x - 1311.1
y = 0.24x - 466.08

23.3%
19.5%
21.4%
18.5%

24.2%
20.3%
21.1%
18.6%

3.6%
3.8%
1.6%
0.6%

22.4%
18.6%
22.1%
18.7%

0.925
0.9188
0.9882
0.973

Table 5 shows the bet fit line equations that were found in Figure 47. The
estimated percentage of revisions for 2019 for each reason and the actual percentage of
revisions for 2019 were compared. The percent error was calculated. Additionally, the
estimated percentage of revisions for each reason for the year 2020 were found based on
the best fit line equation. The r2 value was calculated for the best fit line equation for each
reason.
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FIGURE 48: AUSTRALIA STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 48 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that each reason (loosening, dislocation, fracture, and infection) is significantly different
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from the other reasons. When analyzing the ordered differences report, it can be
concluded that all reasons are significantly different from each other (p-value <0.0001).

FIGURE 49: AUSTRALIA STATISTICAL ANALYSIS OF REVISION BY YEAR
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Figure 49 shows the statistical analysis of the percentage of revision by year in
Australia. The p-value for year is 0.9982, indicating no significant effect of year on the
percentage of revisions in Australia. When looking at the connecting letters report, one
can conclude that no year is significantly different from one another. When analyzing the
ordered differences report, it can be concluded that no year (2014, 2015, 2016, 2017,
2018, or 2019) was significantly different from any other indicated by a p-value of >0.05.
[13, 27-31]

3.3.2.2 N EW Z EALAND
TABLE 6: NEW ZEALAND REASONS FOR REVISION 2013-2018

Year

Reporting
Rate

2013

> 95%

2014

> 95%

2015

> 95%

2016

> 95%

2017

> 95%

2018

> 95%

Reason

%

#

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

39.1%
15.9%
9.1%
10.3%
35.8%
15.6%
12.9%
11.1%
36.5%
16.4%
12.7%
14.3%
33.2%
17.0%
14.4%
13.1%
34.1%
16.6%
15.5%
13.2%
33.8%
16.1%
13.7%
15.4%

232
94
54
61
200
87
72
62
227
102
79
89
205
105
89
81
209
102
95
84
213
101
86
97

Total
Total
Primary Revision
HA
HA
7,711

1,223

8,345

1,128

8,373

1,168

8,785

1,097

9,150

1,108

9,186

1,126

Table 6 shows the reason for revision in New Zealand for the years analyzed
(2013-2018). This data was statistically analyzed in Figures 50-53.
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FIGURE 50: NEW ZEALAND REASONS FOR REVISION 2013-2018 WITH 2019 PROJECTION

Figure 50 shows the percentage of revisions for each reason for the years 20132018. A best fit line was found for each reason over the course of this time period and a
projection was made based on this data indicating a predicted percentage of revisions for
the next year (2019).

TABLE 7: NEW ZEALAND BEST FIT LINE EQUATION AND PROJECTIONS

Reason for
Revision

Best Fit Line
Equation

Estimated %
for 2018

Actual %
for 2018

% Error

Estimated %
for 2019

R2

Loosening

y = -1.26x + 2574.6

31.9%

33.8%

5.6%

30.7%

0.7556

Dislocation

y = 0.28x - 547.9

17.1%

16.1%

6.5%

17.4%

0.6323

Fracture

y = 1.43x - 2868.5

17.2%

13.7%

25.8%

18.7%

0.8706

Infection

y = 0.78x - 1559.3

14.7%

15.4%

4.3%

15.5%

0.5613

Mean 
Std Dev

Table 7 shows the bet fit line equations that were found in Figure 50. The
estimated percentage of revisions for 2018 for each reason and the actual percentage of
revisions for 2018 were compared. The percent error was calculated. Additionally, the
estimated percentage of revisions for each reason for the year 2019 were found based on
the best fit line equation. The r2 value was calculated for the best fit line equation for each
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35.42 
2.20
16.27 
0.50
13.05 
2.19
12.90 
1.92

reason. The mean and standard deviation for each reason for the years 2013-2018 were
calculated. These values can be used as projections as well.

FIGURE 51: NEW ZEALAND STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 51 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
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percentage of revisions. When looking at the connecting letters report, one can conclude
that loosening and dislocation are both significantly different from the other reasons.
However, fracture and infection are significantly different than loosening and dislocation,
but not significantly different from one another. When analyzing the ordered differences
report, it can be concluded that loosening and dislocation are significantly different from
all other reasons with a p-value <0.0001. While fracture and infection are not
significantly different from one another with a p-value >0.05.

FIGURE 52: NEW ZEALAND STATISTICAL ANALYSIS OF REVISION BY YEAR

Figure 52 shows the statistical analysis of the percentage of revision by year in
New Zealand. The p-value for year is 1.0000, indicating no significant effect of year on
the percentage of revisions in New Zealand.
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FIGURE 53: NEW ZEALAND STATISTICAL ANALYSIS OF REVISION BY YEAR

When looking at the connecting letters report comparing revision by year in New
Zealand, one can conclude that no year is significantly different from one another. When
analyzing the ordered differences report, it can be concluded that no year (2013, 2014,
2015, 2016, 2017, or 2018) was significantly different from any other indicated by a pvalue of >0.05. [14, 32-36]

3.3.2.3 D ENMARK
TABLE 8: DENMARK REASONS FOR REVISION 2013-2018

Year

Reporting
Rate

2013

88.0-96.5%

2014

92.0-97.8%

2015

90.3-97.5%

Reason

%

#

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

31.8%
18.6%
10.7%
18.8%
29.9%
19.9%
10.2%
20.9%
28.8%
20.2%
11.4%
21.8%

456
267
153
269
418
278
142
292
387
272
154
293
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Total
Total
Primary Revision
HA
HA
9,045

1,434

9,415

1,397

9,787

1,346

2016

92.7-97.0%

2017

95.4-97.6%

2018

89.5-94.9%

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

26.2%
22.7%
12.2%
23.5%
24.1%
20.0%
13.7%
24.6%
23.1%
23.0%
13.5%
24.3%

383
333
178
344
347
288
198
354
282
281
165
297

10,514

1,464

10,492

1,441

10,381

1,220

Table 8 shows the reason for revision in Denmark for the years analyzed (20132018). This data was statistically analyzed in Figures 54-57.
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FIGURE 54: DENMARK REASONS FOR REVISION 2013-2018 WITH 2019 PROJECTIONS

Figure 54 shows the percentage of revisions for each reason for the years 20132018. A best fit line was found for each reason over the course of this time period and a
projection was made based on this data indicating a predicted percentage of revisions for
the next year (2019).
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TABLE 9: DENMARK BEST FIT LINE EQUATION AND PROJECTIONS

Reason for
Revision

Best Fit Line Equation

Estimated %
for 2018

Actual %
for 2018

% Error

Estimated %
for 2019

R2

Loosening

y = -1.9197x + 3896.4

22.4%

23.1%

2.8%

20.5%

0.9872

Dislocation

y = 0.558x - 1104.1

21.9%

23.0%

4.6%

22.5%

0.3431

Fracture

y = 0.8136x - 1627.7

14.1%

13.5%

4.8%

7.7%

0.8444

Infection

y = 1.421x - 2841.5

26.1%

24.3%

7.3%

27.5%

0.9831

Table 9 shows the bet fit line equations that were found in Figure 54. The
estimated percentage of revisions for 2018 for each reason and the actual percentage of
revisions for 2018 were compared. The percent error was calculated. Additionally, the
estimated percentage of revisions for each reason for the year 2019 were found based on
the best fit line equation. The r2 value was calculated for the best fit line equation for each
reason. The mean and standard deviation for each reason for the years 2013-2018 were
calculated. These values can be used as projections as well.
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Mean 
Std Dev
27.32 
3.42
20.73 
1.74
11.95 
1.45
22.32 
2.24

FIGURE 55: DENMARK STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 55 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that loosening and fracture are both significantly different from the other reasons.
However, dislocation and infection are significantly different than loosening and fracture,
but not significantly different from one another. When analyzing the ordered differences

88

report, it can be concluded that loosening and fracture are significantly different from all
other reasons with a p-value <0.0001. While dislocation and infection are not
significantly different from one another with a p-value >0.05.

FIGURE 56: DENMARK STATISTIAL ANALYSIS OF REVISION BY YEAR

Figure 56 shows the statistical analysis of the percentage of revision by year in
Denmark. The p-value for year is 0.9999, indicating no significant effect of year on the
percentage of revisions in Denmark.
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FIGURE 57: DENMARK STATISTICAL ANALYSIS OF REVISION BY YEAR

When looking at the connecting letters report comparing revision by year in
Denmark, one can conclude that no year is significantly different from one another.
When analyzing the ordered differences report, it can be concluded that no year (2013,
2014, 2015, 2016, 2017, or 2018) was significantly different from any other indicated by
a p-value of >0.05. [16, 37-41]

3.3.2.4 N ORWAY
TABLE 10: NORWAY REASONS FOR REVISION 2013-2018

Year

Reporting
Rate

2013

*

2014

*

2015

*

Reason

%

#

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

42.7%
11.8%
7.7%
16.5%
42.1%
12.8%
8.3%
15.5%
37.5%
11.8%
8.8%
16.9%

773
213
140
292
706
217
144
267
725
228
163
315
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Total
Total
Primary Revision
HA
HA
8,098

1,311

8,132

1,270

8,442

1,392

2016

93.3-97.3%

2017

93.1-97.5%

2018

93.3-97.3%

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

36.6%
13.0%
9.0%
18.9%
33.8%
14.7%
9.7%
17.6%
31.5%
13.9%
11.4%
19.1%

724
259
181
374
653
285
188
342
634
271
227
372

8,931

1,455

9,097

1,434

9,553

1,422

* Denotes data unknown/unavailable.

Table 10 shows the reason for revision in Norway for the years analyzed (20132018). This data was statistically analyzed in Figures 58-60.

Percentage of Revisions

Reasons for Revision 2013-2019
50.0%
45.0%
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%
5.0%
0.0%
2013

2014

2015

2016

2017

2018

2019

Year
Loosening

Dislocation

Fracture

Infection

FIGURE 58: NORWAY REASONS FOR REVISION 2013-2018 WITH 2019 PROJECTIONS

Figure 58 shows the percentage of revisions for each reason for the years 20132018. A best fit line was found for each reason over the course of this time period and a
projection was made based on this data indicating a predicted percentage of revisions for
the next year (2019).
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TABLE 11: NORWAY BEST FIT LINE EQUATION AND PROJECTIONS

Reason for
Revision

Best Fit Line
Equation

Estimated %
for 2018

Actual %
for 2018

% Error

Estimated %
for 2019

R2

Loosening

y = -2.33x + 4733.5

31.6%

31.5%

0.2%

29.2%

0.9476

Dislocation

y = 0.6x - 1196.2

14.6%

13.9%

5.0%

15.2%

0.6374

Fracture

y = 0.47x - 938.35

10.1%

11.4%

11.3%

10.6%

0.9774

Infection

y = 0.56x - 1111.3

18.8%

19.1%

1.7%

19.3%

0.4864

Table 11 shows the bet fit line equations that were found in Figure 58. The
estimated percentage of revisions for 2018 for each reason and the actual percentage of
revisions for 2018 were compared. The percent error was calculated. Additionally, the
estimated percentage of revisions for each reason for the year 2019 were found based on
the best fit line equation. The r2 value was calculated for the best fit line equation for each
reason. The mean and standard deviation for each reason for the years 2013-2018 were
calculated. These values can be used as projections as well.
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Mean 
Std Dev
37.37 
4.44
13.00 
1.15
9.15 
1.29
17.42 
1.40

FIGURE 59: NORWAY STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 59 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that all reasons (loosening, infection, dislocation, and fracture) were significantly
different from the other reasons. When analyzing the ordered differences report, it can be
concluded that all reasons are significantly different from all other reasons with a p-value
<0.05.
93

FIGURE 60: NORWAY STATISTICAL ANALYSIS OF REVISION BY YEAR

Figure 60 shows the statistical analysis of the percentage of revision by year in
Norway. The p-value for year is 1.0000, indicating no significant effect of year on the
percentage of revisions in Norway. When looking at the connecting letters report, one can
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conclude that no year is significantly different from one another. When analyzing the
ordered differences report, it can be concluded that no year (2013, 2014, 2015, 2016,
2017, or 2018) was significantly different from any other indicated by a p-value of >0.05.
[19, 42-44]

3.3.2.5 AJRR
TABLE 12: AJRR REASONS FOR REVISION 2015-2017

Year

Reporting Rate

2015

Approx. 7%
(612 facilities)

2016

Approx. 10%
(854 facilities)

2017

Approx. 13%
(1,067 facilities)

Reason

%

#

Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection
Loosening
Dislocation
Fracture
Infection

14.5%
15.6%
4.8%
9.1%
11.3%
10.8%
4.2%
6.8%
9.3%
12.8%
2.5%
9.3%

1,291
1,388
425
809
1,650
1,584
611
990
1,456
1,996
391
1,457

Total
Total
Primary Revision
HA
HA
67,297

8,923

144,024

18,866

73,741

18,913

Table 12 shows the reason for revision in the AJRR for the years analyzed (20152017). This data was statistically analyzed in Figures 61-63.
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FIGURE 61: AJRR REASONS FOR REVISION 2015-2017 WITH 2018 PROJECTIONS

Figure 61 shows the percentage of revisions for each reason for the years 20152017. A best fit line was found for each reason over the course of this time period and a
projection was made based on this data indicating a predicted percentage of revisions for
the next year (2018).

TABLE 13: AJRR BEST FIT LINE EQUATION AND PROJECTIONS

Reason for
Revision

Best Fit Line Equation

Estimated %
for 2018

Loosening
Dislocation
Fracture
Infection

y = -2.566x + 5184.7
y = -1.3782x + 2791.5
y = -1.1279x + 2277.6
y = 0.1381x - 270.09

6.5%
10.3%
1.5%
8.6%

R2

Mean 
Std Dev

0.9891 11.7  2.62
0.3394 13.07  2.41
0.9268 3.83  1.19
0.0096 8.40  1.39

Table 13 shows the bet fit line equations that were found in Figure 61. The
estimated percentage of revisions for 2018 for each reason based on the best fit line
equation. The r2 value was calculated for the best fit line equation for each reason. The
mean and standard deviation for each reason for the years 2015-2017 were calculated.
These values can be used as projections as well.
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FIGURE 62: AJRR STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 62 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is 0.0021, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report and ordered
differences report, one can conclude that fracture was significantly different from all
other reasons (loosening, dislocation, and infection). Dislocation and loosening were
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significantly different from infection and fracture, but not each other. Loosening and
infection were significantly different from fracture and dislocation, but not each other.

FIGURE 63: AJRR STATISTICAL ANALYSIS OF REVION BY YEAR

Figure 63 shows the statistical analysis of the percentage of revision by year in the
AJRR. The p-value for year is 0.6215, indicating no significant effect of year on the
percentage of revisions. When looking at the connecting letters report, one can conclude
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that no year is significantly different from one another. When analyzing the ordered
differences report, it can be concluded that no year (2015, 2016, or 2017) was
significantly different from any other indicated by a p-value of >0.05. [26, 45-48]

3.3.2.6 O VERALL

FIGURE 64: ALL COUNTRIES EFFECT OF REASON, COUNTRY, AND YEAR ON REVISION

Figure 64 shows the effect of reason, country, and year on the percentage of
revision for all 5 countries (Australia, New Zealand, Denmark, Norway, and AJRR). The
p-value for reason is <0.0001, indicating a significant effect of reason on the percentage
of revisions. The p-value for country is <0.0001, indicating a significant effect of country
on the percentage of revisions. The p-value for year is 0.9995, indicating no significant
effect of year on the percentage of revisions.
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FIGURE 65: STATISTICAL ANALYSIS OF REVISION BY REASON FOR ALL COUNTRIES

Figure 65 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report and ordered
differences report, one can conclude that loosening was significantly different from all
other reasons (dislocation, infection, and fracture). Fracture was significantly different
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from all other reasons (loosening, dislocation, and infection) with a p-value <0.05.
Dislocation and infection were significantly different from loosening and fracture but
were not significantly different from each other.

FIGURE 66: STATISTICAL ANALYSIS OF REVISION BY COUNTRY
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Figure 66 shows the statistical analysis of the percentage of revision by country.
The p-value for reason is 0.0006, indicating a significant effect of country on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that the AJRR was significantly different from all other countries (Australia, New
Zealand, Denmark, and Norway). Australia, New Zealand, Denmark, and Norway had no
significant difference from each other. When analyzing the ordered differences report, it
can be concluded that the AJRR was significantly different from all other countries with a
p-value <0.05, while no significant difference was found between the remaining
countries.
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FIGURE 67: STATISITCAL ANALYSIS OF REVISION BY YEAR
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Figure 67 shows the statistical analysis of the percentage of revision by year. The
p-value for reason is 0.9474, indicating no significant effect of year on the percentage of
revisions. When looking at the connecting letters report, one can conclude that no year
was significantly different from any other year. When analyzing the ordered differences
report, it can be concluded that no year was significantly different from any other year
with a p-value >0.05.

Following this analysis, the analysis of the countries over the years was repeated
for the years following the criteria of a >85% reporting rate. From the five countries
(Australia, New Zealand, Denmark, Norway, and AJRR) that were analyzed, four of the
countries exceeded the threshold of having a >85% reporting rate. The only registry that
did not exceed this criterion was the AJRR. Therefore, this registry was not included in
this portion of the analysis. The remaining four countries (Australia, New Zealand,
Denmark, and Norway) were all included.
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FIGURE 68: STATISTICAL ANALYSIS OF REVISION BY REASON

Figure 68 shows the statistical analysis of the percentage of revision by reason.
The p-value for reason is <0.0001, indicating a significant effect of reason on the
percentage of revisions. When looking at the connecting letters report and ordered
differences report, one can conclude that loosening was significantly different from all
other reasons (dislocation, infection, and fracture) with a p-value <0.05. Fracture was
significantly different from all other reasons (loosening, dislocation, and infection) with a
p-value <0.05. Dislocation and infection were significantly different from loosening and
fracture but were not significantly different from each other.
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FIGURE 69: STATISTICAL ANALYSIS OF REVISION BY COUNTRY

Figure 69 shows the statistical analysis of the percentage of revision by country.
The p-value for country is 0.7840, indicating no significant effect of country on the
percentage of revisions. When looking at the connecting letters report, one can conclude
that no country was significantly different from any of the other countries. When
analyzing the ordered differences report, it can be concluded that no country was
significantly different from any other country noted by a p-value >0.05.

106

FIGURE 70: STATISTICAL ANALYSIS OF REVISION BY YEAR

Figure 70 shows the statistical analysis of the percentage of revision by year. The
p-value for year is 0.9999, indicating no significant effect of year on the percentage of
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revisions. When looking at the connecting letters report, one can conclude no year was
significantly different from any other year. When analyzing the ordered differences
report, it can be concluded that no year was significantly different from any other year
noted by a p-value >0.05.

3.3.3 PROJECTIONS
Future projections were made using the data from the four countries with a greater than
85% reporting rate (Australia, New Zealand, Denmark, and Norway). Using the percent
revisions for the previous five years (2014-2019 for Australia and 2013-2018 for New
Zealand, Denmark, and Norway) projections were made to estimate the percent revision
for the following year for each reason for revision (loosening, dislocation, fracture, and
infection). Additionally, projections were made for the last year that data was gathered
and compared to the actual data. These projections for 2019 in Canada and 2018 in New
Zealand, Denmark, and Norway can be seen below in Tables 14-17. The actual values are
compared to the estimated values and a percent error was calculated. This was used as an
indication of the accuracy of the projections

3.3.3.1 L OOSENING

Loosening
50%
45%
40%
35%
30%
25%

20%
15%
10%
5%
0%
2012

2013

2014
Australia

2015

2016

New Zealand

2017
Denmark

2018
Norway

FIGURE 71: LOOSENING PROJECTIONS
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2019

2020

Figure 71 shows the percentage of revisions for loosening for the years
2013/2014-2018/2019 for Australia, New Zealand, Denmark, and Norway. A best fit line
was found for each country over the course of this time period and a projection was made
based on this data indicating a predicted percentage of revisions for the next year
(2019/2020).

TABLE 14: LOOSENING PROJECTIONS

Country

Year

Estimated %
Loosening

Actual %
Loosening

% Error

Australia
New Zealand
Denmark
Norway

2019
2018
2018
2018

23.9%
33.1%
22.7%
31.6%

24.2%
33.8%
23.1%
31.5%

1.3%
2.2%
1.6%
0.4%

Table 14 shows the loosening projections that were found in Figure 71. The
estimated percentage of revisions for the respective year for each country was found
based on the best fit line equation. This estimated percent revision for loosening was
compared to the actual value for the respective year and a percent error was calculated for
each country. The projection for the percentage of revisions due to loosening in Australia
for the year 2019 was estimated to be 23.9% based on these projections. The actual
percentage of revisions due to loosening in Australia in 2019 was 24.2%. This
corresponded to a 1.3% error. The projection for the percentage of revisions due to
loosening in New Zealand for the year 2018 was estimated to be 33.1% based on these
projections. The actual percentage of revisions due to loosening in New Zealand in 2018
was 33.8%. This corresponded to a 2.2% error. The projection for the percentage of
revisions due to loosening in Denmark for the year 2018 was estimated to be 22.7%
based on these projections. The actual percentage of revisions due to loosening in
Denmark in 2018 was 23.1%. This corresponded to a 1.6% error. The projection for the
percentage of revisions due to loosening in Norway for the year 2018 was estimated to be
31.6% based on these projections. The actual percentage of revisions due to loosening in
Norway in 2018 was 31.5%. This corresponded to a 0.4% error.
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3.3.3.2 D ISLOCATION
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FIGURE 72: DISLOCATION PROJECTIONS

Figure 72 shows the percentage of revisions for dislocation for the years
2013/2014-2018/2019 for Australia, New Zealand, Denmark, and Norway. A best fit line
was found for each country over the course of this time period and a projection was made
based on this data indicating a predicted percentage of revisions for the next year
(2019/2020).

TABLE 15: DISLOCATION PROJECTIONS

Country

Year

Estimated %
Dislocation

Actual %
Dislocation

% Error

Australia
New Zealand
Denmark
Norway

2019
2018
2018
2018

19.8%
16.5%
22.5%
14.2%

20.3%
16.1%
23.0%
13.9%

2.2%
2.7%
2.2%
1.9%

Table 15 shows the dislocation projections that were found in Figure 72. The
estimated percentage of revisions for the respective year for each country was found
based on the best fit line equation. This estimated percent revision for dislocation was
compared to the actual value for the respective year and a percent error was calculated for
each country. The projection for the percentage of revisions due to dislocation in
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Australia for the year 2019 was estimated to be 19.8% based on these projections. The
actual percentage of revisions due to dislocation in Australia in 2019 was 20.3%. This
corresponded to a 2.2% error. The projection for the percentage of revisions due to
dislocation in New Zealand for the year 2018 was estimated to be 16.5% based on these
projections. The actual percentage of revisions due to dislocation in New Zealand in 2018
was 16.1%. This corresponded to a 2.7% error. The projection for the percentage of
revisions due to dislocation in Denmark for the year 2018 was estimated to be 22.5%
based on these projections. The actual percentage of revisions due to dislocation in
Denmark in 2018 was 23.0%. This corresponded to a 2.2% error. The projection for the
percentage of revisions due to dislocation in Norway for the year 2018 was estimated to
be 14.2% based on these projections. The actual percentage of revisions due to
dislocation in Norway in 2018 was 13.9%. This corresponded to a 1.9% error.

3.3.3.3 F RACTURE
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FIGURE 73: FRACTURE PROJECTIONS

Figure 73 shows the percentage of revisions for fracture for the years 2013/20142018/2019 for Australia, New Zealand, Denmark, and Norway. A best fit line was found
for each country over the course of this time period and a projection was made based on
this data indicating a predicted percentage of revisions for the next year (2019/2020).
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TABLE 16: FRACTURE PROJECTIONS

Country

Year

Estimated %
Fracture

Actual %
Fracture

% Error

Australia
New Zealand
Denmark
Norway

2019
2018
2018
2018

21.4%
15.4%
13.8%
10.8%

21.1%
13.7%
13.5%
11.4%

1.2%
12.5%
2.4%
5.5%

Table 16 shows the fracture projections that were found in Figure 73. The
estimated percentage of revisions for the respective year for each country was found
based on the best fit line equation. This estimated percent revision for fracture was
compared to the actual value for the respective year and a percent error was calculated for
each country. The projection for the percentage of revisions due to fracture in Australia
for the year 2019 was estimated to be 21.4% based on these projections. The actual
percentage of revisions due to fracture in Australia in 2019 was 21.1%. This
corresponded to a 1.2% error. The projection for the percentage of revisions due to
fracture in New Zealand for the year 2018 was estimated to be 15.4% based on these
projections. The actual percentage of revisions due to fracture in New Zealand in 2018
was 13.7%. This corresponded to a 12.5% error. The projection for the percentage of
revisions due to fracture in Denmark for the year 2018 was estimated to be 13.8% based
on these projections. The actual percentage of revisions due to fracture in Denmark in
2018 was 13.5%. This corresponded to a 2.4% error. The projection for the percentage of
revisions due to fracture in Norway for the year 2018 was estimated to be 10.8% based
on these projections. The actual percentage of revisions due to fracture in Norway in
2018 was 11.4%. This corresponded to a 5.5% error.
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3.3.3.4 I NFECTION
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FIGURE 74: INFECTION PROJECTIONS

Figure 74 shows the percentage of revisions for infection for the years 2013/20142018/2019 for Australia, New Zealand, Denmark, and Norway. A best fit line was found
for each country over the course of this time period and a projection was made based on
this data indicating a predicted percentage of revisions for the next year (2019/2020).

TABLE 17: INFECTION PROJECTIONS

Country

Year

Estimated %
Infection

Actual %
Infection

% Error

Australia
New Zealand
Denmark
Norway

2019
2018
2018
2018

18.5%
15.1%
25.2%
19.0%

18.6%
15.4%
24.3%
19.1%

0.8%
1.7%
3.5%
0.8%

Table 17 shows the infection projections that were found in Figure 74. The
estimated percentage of revisions for the respective year for each country was found
based on the best fit line equation. This estimated percent revision for infection was
compared to the actual value for the respective year and a percent error was calculated for
each country. The projection for the percentage of revisions due to infection in Australia
for the year 2019 was estimated to be 18.5% based on these projections. The actual
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percentage of revisions due to infection in Australia in 2019 was 18.6%. This
corresponded to a 0.8% error. The projection for the percentage of revisions due to
infection in New Zealand for the year 2018 was estimated to be 15.1% based on these
projections. The actual percentage of revisions due to infection in New Zealand in 2018
was 15.4%. This corresponded to a 1.7% error. The projection for the percentage of
revisions due to infection in Denmark for the year 2018 was estimated to be 25.2% based
on these projections. The actual percentage of revisions due to infection in Denmark in
2018 was 24.3%. This corresponded to a 3.5% error. The projection for the percentage of
revisions due to infection in Norway for the year 2018 was estimated to be 19.0% based
on these projections. The actual percentage of revisions due to infection in Norway in
2018 was 19.1%. This corresponded to a 0.8% error.
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3.4

DISCUSSION AND CONCLUSION

3.4.1 COMPARISON OF ALL COUNTRIES
The goal of this project was to compile the national registries for hip replacements,
comparing the data from different countries and statistically analyzing the reasons for
revision. Throughout this thesis, a total of 37 national joint registries were identified.
Those countries with national joint registries included: Canada, Australia, New Zealand,
Romania, Denmark, India, Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden,
Switzerland, National Joint Registry (NJR-England, Wales, Northern Ireland, and the Isle
of Man), American Joint Replacement Registry (AJRR), Finland, Moldavia, Hungary,
Turkey, Austria, Scotland, Spain, Netherlands, Israel, South Africa, Czech Republic,
Greece, Italy, Singapore, Croatia, France, Bulgaria, Portugal, Belgium, Egypt, Slovenia,
and Iran. Of these, data on reasons for revision surgeries was obtained from these 15
national joint registries: Canada, Australia, New Zealand, Romania, Denmark, India,
Lithuania, Norway, Pakistan, Slovakia, Germany, Sweden, Switzerland, National Joint
Registry (NJR-England, Wales, Northern Ireland, and the Isle of Man), and American
Joint Replacement Registry (AJRR). The reasons for revision for these 15 countries were
compared using the most recent published data available at the time of analysis.
Statistical analysis was completed using JMP comparing both reason and country. Results
from this analysis can be seen below in Table 18.
TABLE 18: RESULTS STATISTICAL ANALYSIS OF REVISION BY REASON AND COUNTRY

Factor

p-value

Significant

Reason

<0.0001

yes

Country

0.9181

no

From these results in Table 18, one can conclude that reason has a significant
effect on the percentage of revision with a p-value <0.0001. The reason loosening was
found to be significantly different than all other reasons (dislocation, infection, and
fracture). Country was found to not significantly affect the percentage of revision with a
p-value of 0.9181. The only significant difference found was between India and
Romania. These results were consistent with expected.
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Further statistical analysis was completed on these countries that met the
minimum criteria of at least 85% reporting rate for the registry report analyzed. There
were 9 countries (Australia, New Zealand, Romania, Denmark, Lithuania, Norway,
Sweden, Switzerland, and NJR) that met this criterion and were further analyzed. The
results from this analysis can be seen below in Table 19.
TABLE 19: RESULTS STATISTICAL ANALYSIS OF REVISION BY REASON AND COUNTRY

Factor

p-value

Significant

Reason

<0.0001

yes

Country

0.8683

no

From these results in Table 19, one can conclude that reason has a significant
effect on the percentage of revision with a p-value <0.0001. The reason loosening was
found to be significantly different than all other reasons (dislocation, infection, and
fracture). Country was found to not significantly affect the percentage of revision with a
p-value of 0.8683. No significant differences between countries were found. These results
were consistent with expected.

3.4.2 COMPARISON OF COUNTRIES OVER T IME
Further analysis was completed on joint registries which had multiple consecutive years
of data on reasons for revision. Five registries were identified as having this data
available including Australia, New Zealand, Denmark, Norway, and AJRR. Statistical
analysis was completed comparing reasons, countries, and years. Additionally,
projections were made based on the previous five and six years, respectively, to project
the most recent year as well as the following year, where data is not yet available. The
last year’s data was compared to the projections and a percent error was calculated. The
overall results of the effect of reason, country, and year on percentage of revision can be
seen in Table 20.
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TABLE 20: RESULTS STATISTICAL ANALYSIS OF REVISION BY REASON, COUNTRY, AND YEAR

Factor

p-value

Significant

Reason

<0.0001

yes

Country

0.0006

yes

Year

0.9474

no

From these results in Table 20, one can conclude that reason has a significant
effect on the percentage of revision with a p-value <0.0001. The reason loosening was
found to be significantly different than all other reasons (dislocation, infection, and
fracture). Fracture was significantly different from all other reasons (dislocation,
infection, and loosening). Dislocation and infection were significantly different from all
other reasons but were not significantly different from each other. Country was found to
significantly affect the percentage of revision with a p-value of 0.0006. The AJRR was
found to be significantly different from all other countries (Australia, New Zealand,
Denmark, and Norway). Year was found to not significantly affect the percentage of
revision with a p-value of 0.9474. No significant differences between years were found.
These results were consistent with expected.
Again, further statistical analysis was completed on these countries that met the
minimum criteria of at least 85% reporting rate for the registry report analyzed. Of these
five countries, 4 countries (Australia, New Zealand, Denmark, and Norway) met this
criterion and were further analyzed. The results from this analysis can be seen below in
Table 21.
TABLE 21: RESULTS STATISTICAL ANALYSIS OF REVISION BY REASON, COUNTRY, AND YEAR

Factor

p-value

Significant

Reason

<0.0001

yes

Country

0.7840

no

Year

0.9999

no

From these results in Table 21, one can conclude that reason has a significant
effect on the percentage of revision with a p-value <0.0001. The reason loosening was
found to be significantly different than all other reasons (dislocation, infection, and
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fracture). Fracture was significantly different from all other reasons (dislocation,
infection, and loosening). Dislocation and infection were significantly different from all
other reasons but were not significantly different from each other. Country was found to
not significantly affect the percentage of revision with a p-value of 0.7840. No country
was found to be significantly different from any other country. Year was found to not
significantly affect the percentage of revision with a p-value of 0.9999. No significant
differences between years were found. These results were consistent with expected.
Future projections were made based on the previously gathered data for these four
countries (Australia, New Zealand, Denmark, and Norway). These projections were
compared to the last years’ data and percent error was calculated. Overall, the estimated
values matched the actual values well. For loosening, the percent error calculated ranged
from 0.4% to 2.2%. For dislocation, the percent error calculated ranged from 1.9% to
2.7%. For fracture, the percent error calculated ranged from 1.2% to 12.5%. For
infection, the percent error calculated ranged from 0.8% to 3.5%. The projections for
loosening were the closest to the actual values, however, improvements to these
projections could be made through the use of more data.
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CHAPTER 4: CONCLUSION AND FUTURE RECOMMENDATIONS
Many limitations existed in this thesis research including inconsistency of country data,
lack of access to individual patient data, lack of patient follow-up, language and
translation difficulties, the length of data collection available, and the advances in
prosthesis technology. One of the biggest difficulties throughout this research has been
the inconsistency of registry data. Each country classifies hip arthroplasty failures
differently with the reasons given for failure varying by country. Therefore, this made it
difficult to identify global reasons for hip arthroplasty revisions. Fortunately, nearly all
the countries studied in this analysis, identified loosening, dislocation/instability,
infection, and fracture as the top reasons for revision surgeries. Since these were the only
consistent reasons given for all countries, only these four reasons were compared on a
global level.
Another setback that hindered this analysis was the lack of access to individual
patient data. Although some countries store this data, public access is unavailable. At this
time, attempts to access this data have been unsuccessful.
One difficulty with determining the lifespan of an orthopedic device such as a hip
replacement is the lack of the arthroplasty registries following up with the patient many
years post-op or failure of the patient to respond to these requests. Some registries assign
each patient a unique identifier in order to follow up with any revision surgeries that the
patient undergoes. However, this is not true of all registries resulting in this difficulty
with following up and determining the estimated life expectancy of the hip replacement.
Ideally, individual patient data would have been the most optimal for this data analysis.
Another limitation that existed through this research was a language barrier. Many
national registry reports are in the national language of the country. Therefore, translation
of such documents is quite difficult. Often reasons may be lost in translation.
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Another difficulty with determining the survival of a hip replacement is the fact
that this field is ever changing and improving as we learn more about the device and the
use of different materials in order to increase the survival of the device. Additionally, the
device used that is being studied to evaluate the 15-, 20-, 25-year, etc. survival is not
always the most commonly used device at the current time. Therefore, the studies require
to be repeated on every new device.
Throughout this analysis the only reasons for hip arthroplasty revisions analyzed
at a global scale were loosening, dislocation/instability, infection, and fracture. The
reasoning for this was that nearly all countries identified these are the top four reasons for
revision. Whereas the additional reasons identified varied greatly from country to
country.
This analysis identified fifteen countries throughout the world that had a hip
arthroplasty register available. After the initial analysis of the data available from these
fifteen countries, only the countries with a high reporting rate were further analyzed on a
global scale. These countries were chosen by meeting the minimum criteria of at least
85% reporting rate. The criterion was used as to only compare those countries with data
available that would be comparable to the country as a whole. A total of nine countries
met or exceeded this criterion. These registries included Australia, New Zealand,
Romania, Denmark, Lithuania, Norway, Sweden, Switzerland, and the National Joint
Registry (England, Wales, Northern Ireland, and the Isle of Man).
Following this analysis, further analysis was completed on the registries with
multi-year data available for the reasons for revision. These registries included the
American Joint Registry, Australia, New Zealand, Denmark, and Norway. Using the
same criterion as previously discussed at an 85% reporting rate or greater, four country
registries were further analyzed. These countries included Australia, New Zealand,
Denmark, and Norway. This data gathered from the previous 5-6 years was utilized to
create a projection model for each reason for revision. The projection model was
compared to the last available year’s data to determine accuracy.
Overall, the conclusions that can be made from this global hip registry analysis
are that loosening, dislocation/instability, infection, and fracture are the main causes that
result in a revision hip surgery. According to the statistical analysis completed, the reason
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for revision had a significant effect on the percentage of revisions. Loosening had a
consistently significantly greater percentage of revisions than revisions for any other
reason. For the countries with the most complete data, defined as having a greater than
85% reporting rate, it was found that the country did not have any significant effect on
the percentage of revision. Additionally, when analyzing various countries over a 5–6year period, it was found that the year did not significantly affect the percentage of
revisions. According to the projection models created the reasons for revision of
loosening, dislocation, and infection were above the 95% confidence interval for all four
countries analyzed (Australia, New Zealand, Denmark, and Norway) with percent error
ranging from 0.4% to 3.5% according to the last available year’s data. Additionally,
Australia and Denmark exceeded the 95% confidence interval for the reason fracture.
The goal of compiling all the national arthroplasty data into a global registry is in
order for reasons for failure to be identified allowing for the improvement of techniques
which may improve the outcome for the patients undergoing this procedure. Additionally,
data from previous years from different countries would allow for the identification of
factors such as surgical techniques or prosthesis type which may or may not be beneficial
to the outcome for the patient. By having previous knowledge of this data, one could
improve the outcome for all patients on a global scale. By reporting all data for each
patient that undergoes the procedure, analysis of other important factors could be
completed which may have an effect on the percentage of revisions such as fixation
method, surgical method, and type, size, and brand of the implant. Further identification
of the specific implant used, and surgical method would be beneficial in analyzing the
specific cause for revision surgery.
The goal of this thesis was to compile the national registries for hip replacements,
comparing the data from different countries and statistically analyzing the reasons for
revision. However, further analysis would be beneficial as well as the permanent creation
of a global joint registry. In order for this goal to be achieved, the national joint registries
would have to collaborate, share data, and use a reporting template. The reasoning for
these revision surgeries would need to be consistent for all countries. Additionally,
countries would need to report >85% of all of the surgeries performed. By achieving this,
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a global registry could be created, and surgeons and patients worldwide could benefit
from the knowledge that would be provided through the analysis of this data.
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